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I. INTRODUCTION 

This tepoit is a recotd of the expeiicncc at the Massachusetts General Hosp- 
ital i\itli suigical measutes foi lehcf of intiactable angina pectous timing the 
past twenty years It includes an historical account of the development of 
picsent day knowledge of cardiac innovation, a cutical appiaisal of the oper- 
ative proccdities available, tilth a summary of the lesults in S3 instances, and 
recommendations for the selection of patients suitable foi this foim of theiapy. 

To Fransois-FiancK (1), piofcssoi of physiology m Pans in 1899, is accredited 
the suggestion that sympathectomy would icliete the pam of angina pectous 
In 'spite of the intense suffciing of those afflicted with an inadequate coronary 
cnculation who fail to lespond to medical treatment, suigeons were slow to put 
this idea to the test and caidiologisls reluctant to adopt it This conservative 
attitude was due in laige pai t to Su James Mackenzie's (2) dictum that it would 
be unfoitunatc if suigeons should chscovei an opeiation to lelievc the pain of 
angina pectous, because it would lemovc the vital dangei signal which warns 
the patient when he is ovei taxing his heart It has long since been shown that 
this is not the case, but even to day the aveiage internist’s feais on this score 
have not been completely dissipated 

The first such sympathectomy was peifoimcd m 191G by Thomas Jonnesco 
(3) with bnlhant success The Roumanian surgeon removed the chain of 
cervical sympathetic ganglia which gave use to the tlnee then known caidiac 

* Present oil during the Symposium on C inline Disease nt the Centennial Celebration 
of the University of IlufTalo Medical School October 1, I04u 

** Prom the Neurosurgical Service anil Cardinc Clime of the Massachusetts General 
Hospital, Boston, and the Surgical Research Laboratories of the Harvard Medical School 
at the Massachusetts General Hospital 


X 



2 


JAMES C. WHITE AMD EDWARD F. BLAND 


nerves (Fig. 1). During the next decade many modifications of cervical sym- 
pathectomy were described and put to the test with more or less disappointing 
results and a mortality rate of over 20 per cent. The literature of these earlier 
surgical endeavors has been reviewed by Fontaine (4) and Cutler (5). These 



Fig. 1. The Cervical Cardiac Nerves, as Illustrated by Joxkesco 

The superior, middle, and inferior cardiac nerves are shown running from the correspond- 
ing svmpathetic ganglia downwards into the mediastinum. (From T, Jonnesco, “Le 
sympathique cervico-thoracique," Paris, Masson & Cie., 1923.) 

statistics are summarized in Table I. At the Massachusetts General Hospital 
the operative statistics of our predecessors, Drs. C. A. Porter and E. P. Richard- 
son, were even more disappointing. Wien surgical denervation relieves less 
than two patients out of three of their pain, it is obvious that important nerve 
pathways are being missed. Such was the situation in 1927 when we started 
a search for more effective surgical methods. 

The stimulus which led to this study was the publication by Mandl (6) and 
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Swctloiv (7) of the promising results of infiltration of tlio upper thoracic sympa- 
thetic ganglia and rami with procaine and alcohol. Thanks to tiro interest and 
cooperation of Dr. P. D. White, an opportunity was given to test Swetlow’s 
method of paravertebral injection with alcohol and the icsults were found to be 
encouraging (8). At about the same time anatomists (9, 10, 11) first demon- 
strated the piesonee of definite rami from these uppei thoracic ganglia running 
in the direction of the heart. How many of these fine fibres reached the cardiac 
plexuses and how many terminated in the hilus of the lung could not be ascer- 
tained by dissecting room methods, in order to make sure of the presence of 
lower cardiac nerves, it was necessary to find out bow many of the thoracic 
ganglia and rami would have to be resected in order to interrupt all sensation 
of experimentally induced pain in animals. 

tabu: i 


ftcmillii i if Cervical Sympalheetnmy in Angina 1‘ccloris 



UPN« ClR\IC\L‘*V«PATmCTOUirS ! 

COW'U TE CERVICAL SV Ur VTlIFCTOUV 
OR STELLATF GVNCLtOVFCTOUY 

1 ontninc 

Cutlet* 

M l. II ** 

fonUtne 

Cutler* 

M C .11.** 

Number o! tatev 

57 

<3 

R 

37 

27 J 

2 

Results: 





j 


Good 

00.0% 

•11.5% 

37,5% 

50. S% 

52.0% 

50% 

Improved. . 

12.3% 

35.8% 


10.8% 

18.5% 


rai lures . 

5.3% 

11.2% 

50.0% 

S.1% 

7.5% 


Uncertain 

5.3% 1 

4.0% 


5.4% 



Deaths (within 4 days) 

10.5% 

7.5% 

12.5% 

IS 9% 

22 0% 

50% 


* Cutlcr’8 figures for mortality have been corrected to include deaths occurring within 
the first four days after operation. 

** Massachusetts General Hospital eases operated upon hy Drs. C. A. Porter and E. P. 
Hichardson. 

The heart, like the abdominal viscera, had first been thought to be devoid of 
Pain sensation. It is of interest to find that early observations on this subject 
date all the way back to William Harvey (12). His subject was the young son 
of Count Montgomery, a friend of King Charles I, who had received a severe 
wound in the chest as a child. Although the thoracic cavity had been opened 
widely, the accident had not ended in death but in healing with the heart ex- 
posed. On taking off a sort of cardiac cuirass, Harvey saw the beating heart. 
Touching, pricking, or pinching the heart caused not the slightest sensation. 
A. similar modern observation has been put on lecord by Alexander, MacLeod, 
and Barker (13), who studied a patient with open drainage of the pericardium 
which exposed the lower portions of the ventricles and the diaphragm. They 
also found tlio visceral pericardium over the ventricles to be insensitive to 
touch. Heat, cold, and vibrations were not perceived at all, and electrical 
stimulation evoked sensation only when it produced extra Systoles. 







4 


JAMES C. WHITE AMD EDWARD F. BLAND 


These observations are in line with Lennander’s (14) findings that the viscera 
are insensitive to cutting, crushing, and even burning. The error in their 
interpretation lay m the failure of these early experimenters to utilize a proper 
physiological stimulus. In the case of hollow viscera, Hurst (15) has shown that 
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EXPERIMENTAL CARDIAC PAIN IN DOGS 

Fig. 2. Effect of Various Neurosurgical Procedures ox Experimental 

Cardiac Pain in Dogs 

(See White, Garrey, and Atkins (19)). The upper tracing in each figure represents the 
respiratory excursion. The signal in the lower line represents periods of occlusion of the 
descending branch of the left coronary artery. At signals marked B in the two lower 
tracings the toe pads were pinched. Whenever respiratory changes occurred the animals 
showed clear-cut evidence of discomfort. 

distension is the physiological stimulus, while for the heart the more recent 
work of Sutton and Lueth (16) and others (17, 18) points to myocardial anoxia 
and abnormal products of muscular fatigue as the cause of angina pectoris. 
The publication of Sutton and Lue ill’s method of inducing coronary pain in 
dogs by temporary occlusion of the descending branch of the left, coronary 
artery* permitted White, Garrey, and Atkins (19) to carry out the necessary 

* In using Sutton and Lucth’s preparation, a silk ligature was passed beneath the upper 
portion of the descending branch of the left coronary artety and then brought out throng i 
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crucial experiments. This work, published in 1933, showed that myocardial 
ischaemia was still productive of pain after bilateral cervical sympathectomy 
carried down through the stellate ganglia (Fig. 2). On the other hand, no 
pain could be induced, even by prolonged coronary occlusion, after resection 
of both stcllatos and the upper four pairs of thoracic ganglia or division 
of the upper five pairs of thoracic posterior spinal roots. This experi- 
ment gavo the necessary physiological proof of the presence of direct thoracic 
cardiac connections. Whether the anatomical arrangement was the sarao in 
man as in the dog still remained to be proved. Results of chemical and surgical 
deaficrenliation of the heart have long since proven that a very similar anatomical 
arrangement exists in man. 


II. NEUROANATOMY AND PHYSIOLOGY 

Study of Figure 3 will serve to illustrate the most practicable methods foi 
achieving a complete interruption of pain-conducting pathways from the heart. 
Sensory axoncs from the cardiac plexuses reach the chain of paravertebral 
ganglia over the middle and inferior cardiac nerves, and also over the upper 
thoracic rami. The great majority, if not all, of these enter botween the middle 
cervical and third thoracic ganglia on botli sides of the chest. Evidence has 
been presented by Pollock and Davis (20) that the superior cardiac nerve and 
upper cervical ganglion from which it arises contain no afferent connections 
with the spinal cord. There is no anatomical explanation for the early reports 
(Colley and Brown (21)) of occasional successful results of superior cervical 
gnngliouectomy in the relief of angina pectoris. It may be pointed out, how- 
ever, that favourable responses have been so inconsistent that this operation has 
no present-day advocate. 

The lower lovel at which sensory impulses enter the paravertebral chains is 
at the third thoracic ganglion in the great majority of cases (see protocol of 
Case OB below). Although a cardiac ramus is shown in Figure 3 joining the 
fourth thoracic ganglion, its existence must be questionable, except in the rare 
instance of a “post-fixed” arrangement of the cardiac outflow. Central eon-, 
nections between the paravertebral ganglionated chains and the spinal cord are 
all concentrated in the upper thoracic region and reach the posterior horn of 
grey matter over the upper four posterior thoracic roots. There arc no direct 
central connections between tlio middle and inferior cervical ganglia and the 
cord, because there are no connecting while rami communicantcs in the cervical 
portion of the chain. Impulses which enter the cervical ganglia over the middle 
and inferior cardiac nerves must, therefore, all descend to the upper thoracic 
level before they ean cross in the while rami to join the thoracic spinal nerves. 

tlio chest wall in a glass tube. These animals Buttered no shock and recovered rapidly from 
ether anaesthesia. They were then ready lor testing within a few hours, the type of cardiac 
denervation to bo evaluated having been carried out several days previously. When 
cardiac pain fibres remained uncut, traction on the ligature for a period of only ft few seconds 
invariably produced a change in the rate and depth of respiration, soon followed by un- 
mistakable evidence of discomfort. The stimulus was always interrupted before any real 
suffering was produced. 
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It is, then, obvious that all afferent pathways are most conveniently concentrated 
m the upper thoracic ganglia and posterior spinal roots. In concluding this 
anatomical description of the cardiac nerves, it is of fundamental importance 
to emphasize the simplicity of this central arrangement and its ever-increasing 
complexity in the periphery. 

Surgical experience based on resection or effective chemical block of the upper 
three thoracic ganglia serves to support the evidence outlined above, as these 



Fig. 3. The Sensory Nerves of the Heart 

Although a ramus is shown connecting the fourth thoracic ganglion with the heart, its 
occurrence is rare, and the presence of any still lower connections is unlikely. (From 
article by White (29), courtesy of Surgery, Gynecology, and Obslclrics.) 

procedures have given consistent relief of pain referred to the arm and precordial 
areas. Posterior rhizotomy with division of the four thoracic sensory roots has 
proved to be an equally effective operation. 

The only area to which we are aware that pain can be referred after these 
crucial lines of communication have been destroyed is the lower jaw and ear. 
This unusual radiation has been seen in 3 patients, and in 1 case still persisted 
after resection of the superior cervical ganglion and the superficial cervica 
plexus. Olivecrona (22) has also observed this and found that this pain dis- 
appeared after injection of the mandibular nerve. It is probable that its afferent 
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pathway to the brain stem is over the vagi. These nerves fortunately play no 
other role in the conduction of cardiac pain, although they probably transmit 
the dull sense of oppression felt in the suprasternal notch after complete sym- 
pathetic denervation of the heart. 

Distribution of the cardiac sensory nerves is entirely unilateral, so that after 
their effective interruption on one side pain may still be present on the other, 
although this sensation stops at the midline. After bilateral interruption all 
sensation of pain disappears, but the patient will still appreciate when he is 
overtaxing his heart by a sense of painless oppression or constriction, usually 
located in the suprasternal notch (presumably transmitted by the vagi), or by 
dyspnoea, palpitation, and other sensations related to abnormal action of the 
heart. IVe have seen this essential clanger signal lost temporarily in only a 
single instance. Here, nfter an unusually wide-spread paravertebral block with 
procaine, the patient, after taking an over-vigorous exercise tolerance test, 
developed an attack of intense but painless dyspnoea. In this instance it is 
reasonable to assume that the procaine had infiltrated the vagi as well as the 
sympathetic fibres to the heart. 

From an anatomical and physiological point of view it' is important to em- 
phasize that cardiac and other visceral afferent fibres do not, strictly speaking, 
belong to the autonomic nervous system. The latter, by definition, is only 
concerned with glandular secretion, smooth muscle, and visceral activity. It 
should be borne in mind, however, that the nerves to the internal organs are 
mixed nerves, carrying sympathetic motor and somatic pain fibres. The latter 
differ from the former in having their cclis of origin in the posterior root ganglia. 
Their central processes enter the posterior horn of grey matter and the peripheral 
fibres run in continuity through the paravertebral ganglia and cardiac nerves 
to the heart. 

The mechanism of perception of cardiac pain is also of considerable physiolog- 
ical interest. Mackenzie (2) believed that it was entirely a referred phenomenon 
and that the bombardment of the posterior horn of grey matter in the cord by 
impulses from the diseased viscus lowered synaptic resistance to the point where 
normally sub-threshold stimuli from the surface of the body, entering the same 
spinal segments, became augmented to the level of conscious pain. This theory 
of Mackenzie’s is now known to give an incomplete account of the phenomenon 
of visceral pain. Ross (23) and Head (24), in earlier theories, postulated both 
direct conduction of pain from a viscus— a deep, aching, poorly localized sensa- 
tion (the ill-defined sense of oppression in the precordium) — and the more 
accurately localized referred sensation (pain in the arm). Weiss and Davis (25) 
have shown that, no matter how wide an area of superficial sensation is blocked 
by subcutaneous procaine infiltration, the pain is likely to appear at the periphery 
if the stimulus is sufficiently great. These investigators also admit that a dull 
unpleasant sensation may persist in spite of wide cutaneous anaesthesia. It is 
therefore far more practical to interrupt the visceral afferent nerves than to 
attempt to produce a permanent cutaneous anaesthesia of the entire area to 
which pain may bo referred. 
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The anatomical concepts described above have been thoroughly tested by 
surgical experiences of the past decade. Referring again to Figure 3, it is obvious 
that the. sensory cardiac fibres are most concentrated and accessible to the 
surgeon in the upper thoracic posterior spinal roots and in the corresponding 
thoracic sympathetic ganglia and rami. It is a general principle of sympathetic 
surgery that neurectomy can be carried out most effectively at the points where 
the complex peripheral plexuses are simplified in the paravertebral chains and 
spinal roots, and that peripheral operations, such as dissection of the plexuses 
along the coronary arteries, as recently proposed by Fauteux (26), are illogical 
from an anatomical point of view. 

III. SENSORY DENERVATION OF THE HEART 

Anatomical considerations, as pointed out in the preceding section, favor 
surgical intervention either on the upper thoracic paravertebral ganglia or on 
the corresponding posterior spinal roots, which carry the pain-transmitting fibres 
from the heart. These areas constitute the bottle-neck through which all pain- 
conducting axones from the widely ramifying peripheral plexuses are funneled 
before entering the spinal cord. When operating in this region the surgeon en- 
counters structures which are easy to identify and free from unusual anatomical 
variations. Regeneration cannot take place after rhizotomy, and after resection 
i of as extensive an area as the upper three thoracic ganglia it is most unlikely 
to occur. 

This is not the place for a detailed outline of operative procedures, and surgeons 
who wish to familiarize themselves with the technical steps will find complete 
descriptions in previous papers (27, 28, 29, 30). We should like, however, 
to take this occasion to emphasize the minimal extent of each of the three 
standard procedures which can be utilized to insure a complete sensory denerva- 
tion of the heart, and also to call attention to certain steps which add to their 
effectiveness or safety. The accompanying illustrations should help bring home 
these points. 

1, Chemical Block 

Paravertebral injection of procaine and 95 per cent ethyl alcohol at the sides 
of the upper four thoracic vertebrae was first proposed by Mandl (6) and Swetlow 
(7). Because the point of attack was shifted from the cervical region caudally to 
include the thoracic cardiac nerves, it became the first effective method for 
interrupting the entire complex of fibres which transmit pain from the heart. 
We shall, therefore, discuss it first. 

The technique, with safeguards against infiltration of the pleura and sub- 
arachnoid space, has been perfected by one of us (J. C. W. (29)) and far greater 
accuracy in the placement of the needles assured by the use of x-ray control (30). 
(See Figs. 4, 5, and 6.) Patients who have had frequent and recent attacks of 
coronar 3 r thrombosis are poor risks for anaesthesia and any form of open surgical 
intervention. For these paravertebral injection of alcohol is the least dangerous 
method of interrupting the pathways of cardiac pain. We have seen patients 
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undergo injection without complications and then succumb to a later operation 
(see protocol in Cases 30 A and 48 A below). 

There are, however, serious objections to chemical blocking of the cardiac 
nerves. In the most skilled bands failure to interrupt a sufficient proportion of 
the afferent fibres occurs in somo 10 per cent of cases. Even with this procedure 
there is an appreciable risk of mortality in the most advanced cases. The 
principal danger lies in the fact that injection must be carried out without 
anaesthesia in order to observe the development of paralysis of the upper thoracic 
sympathetic outflow by the appearance of a Horner’s sign and a hot, dry hand. 
The mild degree of discomfort and accompanying nervous strain have been 
sufficient to precipitate fatal coronary infarction in 3 of our patients. Two other 
men died in a similar fashion hut, fortunately for us, a few hours before the 



Fio. 4. Insertion or Ncr.Di.r. von Injection or Cardiac Nerves 

1, Needle inserted 4 cm. to left of spinous process and tip in contact with transverso 
process of vertebra. Depth marker lias been set at a point 3 cm. Irom tile skin. 8, Shank 
of needle has been rotated outward and tip worked inward until at an additional depth of 3 
cm. it lies in contact with the side of the vertebra and in dose approvimation with the 
gangiionated sympathetic chain. (From article by White (29) , courtesy of Surgery, Gyne- 
cology, and Obstetrics .) 

injection was scheduled. The statement is attributed to John Hunter (Home 
(3 1)) that his life was in the hands of anyone who might make him lose his temper. 
This prophecy was fulfilled, as he died at a medical meeting after being provoked 
by one of his colleagues. In this critical group fear of being hurt is unfortunately 
tin equally dangerous form of psychic trauma. Adequate preliminary sedation of 
the patient serves to minimize this risk, but does not abolish it altogether. 
Another danger, which can be avoided, is injury to the spinal cord if the alcohol 
penetrates the subarachnoid space. This complication has fortunately not 
occurred in our series of 75 cases (many of which have had multiple injections) 
and we believe that it can be avoided if the recommended precautions are 
scrupulously followed. Myelitis has, however, been reported on 3 occasions 
(Molitch and Wilson (32), Olsen (33), and Hirschboek and Gillespie (34)). 
Neuralgia due to irritation of the adjacent intercostal nerves is another less 
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serious problem. The sympathetic ganglia lie so close to the intercostal nerves 
that alcohol infiltrated around the chain cannot help bathing their trunks. This 
produces a certain amount of discomfort in nearly all cases and is a source of 
major complaint in some 10 per cent, but it can be counted on to clear up Vitkin a 



•w AT - 


Fig. 5. Piagrammvtic View or Patient ix Bed with Xf.edl.es Ixsef.ted agaixst the 
Sides of the Upper Four Thoracic Yertehrae. to Show rosrnox of X-ray 

Tore axp Cassette 

(From article by While and Gentry (SO), courtesy of Journal of XcirosvrgcriA 

month or two . A final point against the substitution of alcohol in place of surgical 
neurectomy is the fact that the block is not always permanent. Although 40 
cases listed in Table II maintained their initial improvement for periods up to 
nine years, there was a recurrence of anginal pain after intervals of from two and 
one-halt months to five years in 14 others. Judging from the temporary relief 
achieved by injection of alcohol in trigeminal neuralgia, it is surprising that the 
interruption of pain in angina pectoris has been of such long duration. With 
recent improvements in the technique of injection, and especially with radio- 
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logical locnlwation of the needles, pnor to injection, failuio to seeme a satisfactory 
chcmicd block 1 = certain to become less frequent 



Fig 0 I vtervi \ rat to Show Position of "\efdies Taajv a\ 

AcTI AL P\R\\ ERTEBR U INJECTION 

This patient developed a strilmg Horner s sign and a hot, dr\ hand, as proof of the 
effective impregnation of the upper ganglia The tips of the two upper needles w ould ha\ e 
been in even closer contact with the ganglia tf thei had been inserted a centimeter deeper 
(From article h> W hite and Gentrj (30) , courtcsj of Journal of Neurosurgery ) 

In spite of these cogent objections, the lehef of suffeimg and the general 
ixnpro\ ement «een in so many of our patients have com meed us that par a- 
\ertebial injection with alcohol still has a Aaluable lole jn the treatment of 
the later stages of coionarj heart disease with mtiactable angma pectoris 
Hasten of the technique is well north the effort lequued, because it enables 
so manv otherwise hopeless sufferers to obtain relief fiom then pain 
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Injection experiments in animals have shown that 5 c.c. of alcohol produces 
an area of necrosis not much over 1 cm. in diameter. Observations made during 
two postmortem examinations have shown that this likewise applies to man. 
The infiltration of alcohol must, therefore, be far more exact than when procaine 
is used, as the latter diffuses so much more widely through the retropleural 
tissues. It is always evident when the alcohol has been correctly placed, 
because of the unequivocal signs of paralysis of the upper thoracic sympathetic 
rami. When these signs persist, pain is as effectively relieved as though the 
same structures had been resected. Even if there is a gradual disappearance of 



2Pd intercostal N. 


'Retractor depressing Pleura 
1st Thoracic N. 

Fig. 7. Diagrammatic Sketch of Exposure of Upper Thoracic Sympathetic Ganglia 
after Removal of Central Portion of Second Rib and Retraction of Pleura 

the Horner’s sign and a reduction of the initial vasomotor and sudomotor 
paralysis, regeneration of the cardio-sensory fibres is less likely to take place. 

2. Sympathetic Ganglionectomy 

This operation is best performed through the posterior approach with re- 
section of the central end of the second rib and transverse process (see Fig. 7). 
Ether-oxygen anaesthesia is administered through an intratracheal catheter with 
the patient in the lateral position. White and Smithwick (27) formerly advo- 
cated use of the anterior approach, but we have since found that the route through 
the posterior portion of the second rib gives a far more direct exposure and per- 
mits the necessary extrapleural resection from the inferior cervical ganglion to a 



SURGICAL RELIEF OF SEVERE ANGINA rECTORIS 


13 


point well below the third thoracic. When the inferior cervical and first thoracic 
components of the stellate ganglion are separate as a dumbell-shapcd structure 
removal of the lower portion is sufficient, but when fusion has taken place the 
entire ganglion should be resected. It is never necessary to carry the resection 
upwards into the cervical region, but it is essential to follow the chain downwards 
to include the third thoracic ganglion (see protocol on Case 6B below).* The 
oblique incision advocated by White, Smithwick, Allen, and Mixter (35) is most 
useful, as it is a muscle-splittingincision and runs parallel to the normal planes of 
cleavage in the skin. In the hands of an experienced surgeon this operation can 
be done in under an hour, and with a minimal risk of postoperative complica- 
tions. 

The results have been excellent (see below). This has become the operation 
of choice at the Massachusetts General Hospital, where our surgeons have 
technical facility in this region from frequent operations in Raynaud’s disease 
and hyperhidrosis. The only objection lies in the fact that if pain is bilateral or 
later appears on the unoperated side a second gnnglionectomy may have to be 
performed on the opposite side. In addition, a sympathectomy at this level 
produces a Homer's sign with partial ptosis and myosis. Even so we feel that 
the bilateral two-stage operation is safer for the patient and therefore the pref- 
erable procedure. The single operative death in this series occurred seventeen 
years ago before the routine use of intratracheal anaesthesia and modern chemo- 
therapeutic methods of treating postoperative pneumonia. 

3. Posterior Rhizotomy 

The effectiveness of this operation was first demonstrated in animal experi- 
ments by White, Garrcy, and Atkins (19), but has not been developed further 
at the Massachusetts General Hospital because of the apparently groundless fear 
that it w'ould be too much of an operation for the average patient with advanced 
coronary disease. This, fortunately, has not proved to be true. We have 
recently been able to obtain reports of 29 such operations from the literature, in 
which the results were consistently excellent (see below). There were 3 opera- 
tive deaths. 

These statistics show that the operation, performed under intratracheal 
administration of ether and oxygen, is a comparatively safe procedure and one 
nearly certain to put an end to all pain felt in the precordial area or referred 
to either arm. The minimal number of posterior roots which should be sectioned 
are the upper four thoracic on both sides (see Fig. 8). Its outstanding advan- 
tages are: 

1) The technique of laminectomy and posterior root section is a standard 
operation and well understood by the average neurological surgeon. 

2) There is no possible chance of regeneration. 

3) The cardiac afferent fibres can be cut on both sides at a single operation. 

* Olivccrona (22) has been carrying the resection of the chain as low as the fourth or 
oven the fifth ganglion for good measure, as he feels that this will prevent occasional per- 
sistent pain low in the precordium. 
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Although the patient often complains of severe angina pectoris on only one side, 
there is often more or less involvement of the opposite thoracic and arm areas 
once the worst pain has been relieved. 


Blood vessel retracted 
x on Nerve Hook 



Tl. 


T 4. 


I 


I 

1 




Points where post, roots 
ore cut indicated in block 

Fig. S. Diagrammatic Sketch of Appearance of Upper Four Posterior Spinal Nerve 
Roots and Their Point of Division for Relief of Cardiac Pain 

These advantages are counterbalanced to a certain extent by the fact that: 

1) Laminectomy of four vertebrae is a time-consuming procedure. 

2) Bilateral root section, even if the blood vessels which accompany the nerve 
roots are carefully preserved, involves the occasional risk of an ischaemic trans- 
verse myelitis. This tragic complication has been reported after extensive 
bilateral anterior root section for hypertension (Page and Heuer (36)), and it has 
occurred in a case of severe hypertension after posterior rhizotomy for atypical 
cardiac pain performed by Mixter and White in 1934. 

3) Laminectomy is usually performed in the prone position. This position 
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limits normal inspiratory excursion, thereby reducing negative intratborncic 
pressure and the return oi blood to the right side of the heart. Even with careful 
attention to placement of the patient on the operating table, this is a distinct 
handicap, especially to an obese patient with coronary disease. It can be 
eliminated by performing the operation with the patient in the lateral position. 

4. Selection of Cases 

Surgical treatment of angina pectoris should be reserved for the group of 
patients who, after adequate observation, cannot be controlled effectively on a 
medical regime. There is no longer justification for permitting a patient to 
suffer from continued angina decubitus, with exhaustion from lack of sleep or 
constant worry over his next attack and the likelihood of gradual addiction to 
narcotic drugs. Under these circumstances surgical intervention may actually 
prolong life by the relief of pain during a particularly dangerous period of 
coronary insufficiency until the collateral circulation of the myocardium im- 
proves; but this latter is at best a slow evolution, often requiring months before 
significant results are evident. In numerous instances these patients have 
ultimately been able to return to work as their coronary circulation improved, 
with only mild restriction of activity and considerable reduction in their need for 
nitroglycerine. 

The patient himself should be the final judge in the decision between continued 
' dependence on drugs, with the necessary rigid limitation of his activity, and 
the more dangerous method of relieving his pain by surgery, with its more 
rewarding possibilities. He alone knows the exact degree of his discomfort and 
the mental disturbance induced by the fear of imminent death. It is therefore 
best to discuss the matter frankly with the patient and tell him the price he 
must pay in the way of risk and temporary discomfort in return for possible 
freedom from fear of pain and the likelihood of a considerable increase in his 
activity and enjoyment of life. 

Once the decision has been made in favour of surgical intervention, the 
intelligent choice of the proper surgical procedure depends on the relative com- 
petency of the heart. Those with a fair cardiac reserve may be submitted to 
laminectomy and root section with reasonable safety. This operation is most 
logical when the reference of cardiac pain is bilateral, or when the surgeon is not 
experienced in the technique of sympathectomy. For the more questionable 
risks, thoracic ganglionectomy is preferred, especially if the anginal pain is 
unilateral. For the poorest risk cases, viz., those patients who have had re- 
peated attacks of coronary infarction, with large hearts and great reduction in 
cardiac reserve, interruption of the nerves by paravertebral alcohol block may 
be the only possible recourse. 

rv. CLINICAL RESULTS 

2. Paravertebral Injection with Alcohol 

The results in 75 patients in whom this procedure has been used at the Mas- 
- sachusetts General Hospital are summarized in Table II. Among the 56 per 
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75A Donald McR. 57 Coronary and hypertensive Left. +++ Limited by painless equiva- 0 3 edos. Coronary throm- 

heart disease. lents of angina pectoris. bosia (autopsy). 
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cent listed as good results are included those patients who were completely or 
nearly completely relieved of their pain on the side of infection. The 21.3 per 
cent with fair results comprise a group in whom intractable angina pectoris was 
so reduced that the patients could be maintained in a state of relative comfort 
by routine medical measures without the use of narcotic drugs. If we exclude 
the 5 patients in the group which are unclassified because.of inadequate follow- 
up or other reasons (all of whom appeared to have good results), 84 per cent of 
the entire series obtained excellent to fair results, so that even the least satis- 
factory felt that they were distinctly improved. There wcr6 8 per cent who 
failed to derive adequate relief and arc classified as failures, and 8 per cent died 
as a direct result of the procedure. Although this mortality rate is nearly equal 
to that following operation, it is important to bear in mind that this group 
includes the very worst risk cases with severe coronary disease, threatened 
decompensation, extreme old age, and other conditions which would have 
resulted in a prohibitive mortality had any neurosurgical procedure been at- 
tempted. This was the situation with Case 48A, who came through a bilateral 
injection without any disturbance and subsequently succumbed to an operation ' 
on his gall bladder. Intercostal neuralgia, while a cause of minor discomfort of 
several weeks’ duration in most cases, was a serious complaint in 10 per cent, in 
whom it was troublesome over periods of one to three months, but ultimately 
subsided. 

In recent years with improvement in injection technique the proportion of 
good results has increased steadily, so that the results in the latter third of 
the series are distinctly the best. The introduction of x-ray control in the 
placement of the needles barely antedated the war and has therefore been tried 
on only a single case. This should lead to much greater accuracy in blocking 
the cardiac rami and be reflected bystill more impressive results. 

In the group of patients who have had good initial results from chemical 
block, partial to complete recurrence of pain secondary to recovery of nerve 
conduction has been observed in 18.7 per cent after periods of from two and one- 
half months to five years, but, on the other hand, most of the remaining ones 
are known to have maintained full benefit for periods ranging from one to nine 
years. It seems remarkable that mere infiltration of alcohol could block the 
cardiac sensory fibres over such a prolonged period, as we have rarely observed 
the persistence of a Homer’s sign, vasodilatation, or anhidrosis for over a year. 
Nevertheless, in 4 patients with persistent mild anginal attacks on the uninjected 
side there has been continued absence of pain on the injected side for periods 
ranging from two to six and one-half years* In other cases, however, it is 
likely that the lohg lasting results were due, at least in part, to spontaneous 
development of a competent collateral circulation in the coronary vessels. 

The Mowing case histories illustrate the various forms of cardiac pain which 

have been treated, and some of the more outstanding results. 

• 

Case 1A. William M., 64. Syphilitic aortitis and aortic regurgitation with angina 
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This patient was the first to be treated by paravertebral alcohol injection. He was 
a middle-aged carpenter who had had syphilis for many years. Nearly three years 
prior to admission he had his first attack of angina pectoris, and the pains were soon re- 
curring three to four times a day. Syphilitic heart disease was diagnosed in the cardiac 
clinic. He was there discovered to have marked hypertrophy and dilatation of the left side 
of the heart with widening of the aortic arch. There was a very loud aortic diastolic mur- 
mur, in addition to a moderate aortic systolic and mitral systolic and a diastolic murmur of 
the Austin Flint type. His pulse was of the Corrigan type and the blood pressure was 170/35. 
An electrocardiogram showed inverted T-waves in the first and second leads, with left 
axis deviation. 

The patient was admitted to the hospital, where he was kept in bed on medical treatment 
for over six weeks. During this period his angina increased in both severity and frequency. 
The most troublesome feature of his attacks was that they came for the most part at night, 
so that he became exhausted from lack of sleep. As a result the patient and his physicians 
finally realized that he would die of exhaustion unless relief could be obtained by surgical 
means. This led Dr. P. D. White to urge a trial of paravertebral alcohol injection, which 
had recently been recommended by Swetlow (7). 

" 2/12/27: Diagnostic paravertebral procaine block, Tj-Ts (left), resulted in freedom 
from his attacks for thirty-six hours, but not for the long period described by MandU. 
2/21/27 : Paravertebral alcohol injection, T 1 -T 5 (left) . The inj ection was performed without 
complication and gave the characteristic chest wall anaesthesia, but without a Horner’s 
sign. He reacted differently from all our other patients in that he noted postoperative 
attacks of decreasing frequency for two weeks, from which time he had no attack on his left 
side. He was able to return home and lead a quiet life in comfort. 

A j'ear later milder attacks were recurring in his right arm and chest wall. An attempt 
was made to stop these by a right-sided injection by another surgeon, but this block and 
another later attempt were unsuccessful. He was then followed in the out-patient clinic 
and remained altogether free of left-sided pain and without too great discomfort on the 
right, where the attacks could be relieved by nitroglycerine. Finally in 1933 cardiac failure 
developed from which he died. No autopsy was performed. The relief of Ids unbearably 
severe left-sided angina pectoris had lasted over six years. 

Case 29A. Dr. William N., 58. Arteriosclerotic heart disease, coronary infarction, and 
angina pectoris. 

A physician, who had enjoyed excellent health, began to notice precordial pain on exer- 
tion at the age of 43. Two years later he had a myocardial infarct, followed by an embolus 
to his popliteal arterj\ He was incapacitated for three months, but recovered sufficiently 
to be able to return to his practice. During the past eleven years he had been fairly active, 
but had suffered from frequent attacks of angina pectoris. The pain was substernal and 
radiated to the precordium and left arm. He obtained quick relief from nitroglycerine until 
four months prior to his admission, but at that time he had a series of unusually severe 
attacks lasting one to two hours and requiring morphine for relief. Three days before 
entry one of these attacks lasted four hours. As all medical measures had failed, para- 
vertebral injection was recommended by Dr. P. D. White. The patient's father had died 
of coronary thrombosis and his mother of arteriosclerosis. His own past history was not 
pertinent to his present illness. Physical examination was essentially negative except for 
his cardiovascular system. There were no abnormal pulsations in the veins of his neck, nor 
any evidence of congestive failure. The blood pressure was 150/90. An x-ray of his heart 
demonstrated no abnormality except a tortuous aorta. The electrocardiogram showed a 
normal rhythm, rate 75, left axis deviation, and diphasic Ti. _ 

4/25/33: Loft paravertebral procaine-alcohol injection, T«-T<. The patient complained 
of very little discomfort from this procedure. He developed a striking vasodilatation of his 
left hand and cessation of perspiration, as well as a Horner’s sign. ^ The post-operative x-raj 
showed a slight degree of pneumothorax (probably from penetration of the lung during t e 
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insertion of the needles), but this subsided within a few days. A letter received six weeks 
later reported that he had again returned to his practice and was totally free from attacks. 
Furthermore, he had no discomfort in the anaesthetic area in his chest. During the next 
fourteen months lie carried on moderately active work and remained freo of left-sided 
angina pectoris. lie had, however, noticed the onset of pain in his right anterior chost. 
At first this had been a useful warning signal, but lately it had become increasingly severe. 
He was so pleased with the result of his left-sided injection that he re-entered the hospital 
onG/12/34 for a similar procedure on the right. On the day of his admission ho had attondod 
his daughter’s college graduation exercises and noticed an unusual amount of right-sided 
pain as he walked to his room. At midnight ho was awakened by terrific pain in his right 
chest, which caused him to go into collapse; there was only a slight sense of oppression on 
his left side. During the course of this attack his blood pressure fell, respirations bccamo 
labored, and ho died three hours later. 

At autopsy there was nothing remarkable outside the heart, which showed diffuse calci- 
fication and areas of occlusion and rccanalization in both coronary arteries. There was 
marked scarring of the left ventricle and septum. No recent thrombus could be made out. 
The only evidence of the old alcohol injection was thickening of the pleura in the region of 
the second and third thoracic ganglia. Cause of death : Acute coronary insufficiency. 

Case S 5 A. Evelyn C., 2G. Rheumatic heart disease with free aortic regurgitation and 
angina pectoris. (This patient with ’a group of other patients who developed angina pec- 
toris secondary to valvular disease of rhoumatic origin has already been reported by Bland 
and White (37).) 

The patient had rheumatic heart disease with marked cardiac enlargement, freo aortic 
regurgitation, blood pressure of 170/50, mitral stenosis and regurgitation, and angina pec- 
toris decubitus. Severe rheumatic fever and heart discaso began at the age of 9 years. A 
recrudescence of rheumatic fever occurred at the ago of 16, requiring hospitalization for 
twelve months. She subsequently did well and romained free of symptoms except for mod- 
erate exertional dyspnoea and palpitation until at tho age of 2G she re-entered the hospital 
with another recrudescence of rheumatic fever. While at rest in bed she began to have 
sovere angina pectoris. Her attacks were characterized by paroxysmal discomfort due both 
to pain and to associated circulatory phenomena. The sequence of events began with 
consciousness of forceful regular heart action and a senso of throbbing in the throat, ac- 
companied by an increase in tho pulse rate from a resting level of DO up to 130 or 140 per 
minute. In one to two minutes an aching precordial pain appeared, rapidly becoming 
severe and spreading upward in the chest and down tho loft arm as far as the 
wriBt. Respiratory discomfort and a sonsc of choking were usually present, as well as 
profuse sweating and generalized flushing of the skin. A blood pressure determination was 
not made during an attack. Occasionally dyspnoea and palpitation occurred without 
pain, but never the reverse. Although precipitated by emotion or exertion, tho attacks 
most frequently occurred without provocation, especially during the night. The severe 
anginal pain was usually superimposed upon a less intense presordial aching sensation 
similar to that frequently described by patients during active rheumatic fever. Nitro- 
glycerine gave partial relief, but it was this latter component of the patient’s discomfort 
which remained uninfluenced by the drug and for which morphia was frequently required. 

5/31/34: Paravertebral alcohol injection, T t -T, (left). There resulted a well-marked 
Horner’s syndrome, a transient partial anaesthesia over the loft chest anteriorly, and a 
variable paraestliesia over the left upper back and down the inner aspect of tho left arm. 
This was followed by complete relief from the anginal pain during frequent attacks, the 
presence of which was made known by a tightening sensation in the throat and a persistence 
°, . e *V ccom Panymg palpitation, respiratory discomfort, and generalized flushing of the 
skin. However, another important element in addition to the pain had been dispelled, 
namely, the fear of an impending attack. It is of considerable interest that the precordial 
ache, which previously had not responded to nitroglycerine, persisted off and on in a modi- 
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. fied form, but on the whole was less severe and less frequent. This component appeared 
to be directly related to the active rheumatic disease and subsequently entirely disappeared. 
T1 e patient was seen at frequent intervals and was examined in June, 1936, two years after 
tl e injection. She was in good condition and was free from clinical and laboratory evidence 
of active rheumatic infection. There remained a slight residual Horner’s syndrome and a 
vague sense of numbness to touch over the precordial area, with slight paraesthesia along 
the inner aspect of the left upper arm. She led a quiet life and was able to do light house- 
hold work. About once a week she had to pause for a few minutes because of tightening 
in the throat and thumping of her heart, but this was now always related to unusual exertion 
or excitement. 

Nearly four years after the injection the patient developed subacute bacterial endo- 
carditis, from which she died. She remained free of her old anginal attacks throughout. 

Case S9A. James I., 63. Arteriosclerotic heart disease, previous coronary infarction, 
and angina pectoris. 

This patient was seen in the University Hospital, Charlottesville, Virginia, in consulta- 
tion with Drs. A. D. Hart and J. E. Wood. His angina pectoris dated back over an eight- 
year period, but he was able to get along quite comfortably on medical treatment until the 
spring of 1935. At that time he had a fairly severe attack of coronary thrombosis, from 
which he made a slow convalescence, but thereafter his anginal attacks became more severe, 
increasing in frequency up to thirty or forty a day. The attacks radiated to both arms and 
were especially severe at night. He had been in the hospital for over a month while un- 
successful attempts were made to give him rest at night with oxygen inhalations and opiates. 
The patient was obese. He had moderate peripheral arteriosclerosis and a blood pressure 
of 170/95. The cardiac dulness could not be determined with great accuracy, but it was 
thought that the heart was enlarged. Its sounds were of fair quality and there were no 
murmurs. As it was believed that the patient could not long survive the exhaustion 
brought on by his loss of sleep from pain, it was hoped that bilateral alcohol injection might 
give him much needed relief. 

10/8/35: Paravertebral alcohol injection, Ti-Ti (left). 10/9/35: Paravertebral alcohol 
injection, Tj-T 4 (right). The patient came through both injections with a minimum of 
discomfort and proceeded to recover in a way that exceeded all our hopes. He never had 
another attack of cardiac pain, but continued to have a satisfactory warning signal, which 
consisted of a sense of oppression in his suprasternal notch. With adequate sleep he was 
soon able to leave the hospital, and in a remarkably short time to resume mild activities in 
his store. When seen six months later he was at work and free of pain. Unfortunately, 
ten months after injection he had a flare-up of an old subacute cholecystitis, for which his 
medical advisers were not consulted. Operation, which was performed at another hospital, 
resulted in an early death from congestive failure. 

In commenting on this case his physician, Dr. J. Edwin Wood, wrote as follows: "I 
would not hesitate to say that Mr. James I.’s relief following paravertebral block vas as 
nearly complete as anything I have ever seen. His relief was so complete, in fact, that he 
was back at work in a relatively short time and experienced no discomfort while at work. 
He told me that on occasions with exceptional exertion, i.e., exceptional for him, he could 
feel perhaps a little pressure sensation in his chest which he rather felt was a warning and 
was pleased that it was there Mr. I.’s life was unquestionably prolonged by the para- 

vertebral block and I feel that if he had not insisted on the gall bladder operation he would 
have had a number of months and perhaps even years ahead of him. It was truly amazing 
to see him back at work in the grocery store after having followed him for some v eeks in a 
perfectly miserable state.” 

The next two case histories illustrate equally dramatic recoveries from states of 
totally incapacitating angina pectoris with recovery of normal activity and long 
'survival. 
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Case 51 A Mrs Amelia T , GO H> portonsiv o heart disease and angina pectoris 
This woman, referred bj Dr Robert L Lev} , hod suffered from attacks of left sided an- 
gina pectoris for ten years These became much norm following an infarction in 1036, 
so that she was restricted to her room and required morphine for relief of the pains, which 
failed to respond to nitroglycerine or codeine These attacks often occurred m bed and 
she was losing sleep and weight The electrocardiogram had shown progressive changes 
with inv crsion of T, nnd T, and upright T. There w ere left ventricular preponderance and 
ft slow rate from 40 to GO 

4/17/37 Left paravertebral injection, Ti to T<, was performed in her room She was 
able to be up on the following da} and had a minimal degree of neuralgia during the next 
few weeks With the disappearance of her anginal attacks sho no longer suffered from 
insomnia and her weight and cardiac reserve were regained rapidlj 

Nmc years later Dr Levy reports “She is now 75 years old In her case the in- 
jection of alcohol remade^ her entire life She has been completely freo from cardiac dis 
comfort for several years She is very actnc and is a director of the Homo for Old 
People She goes out to dinner two or three times a week and plays bridge frequently 
She goes to the theatre and the movies She is happ} and in remarkably good health for a 
w oman of her age The last electrocardiogram w as made on April 14, 1943 At that time 
there w as a w ell marked sinus arrhj thmm and left a\is deviation There w ere no changes 
indicating mj ocardial damage The blood pressure w as 15-1/86 It is my opinion that the 
injection prolonged this patient’s life, although tins point would be difficult to prove ” 

The improvement in the second electrocardiogram reported by Dr Levy is noteworthy 

Case 61 A Reginald T , 46 Arteriosclerotic heart disease with coronary occlusion and 
angina pcctom 

This retired arm} officer w r as referred to us b} Dr II M Marvin of New Haven Since 
the lost war he had had “soldier’s heart” with easy fatigue, dyspnoea and palpitation 
Seven months before he had a sudden nttack of precordial pain w ith radiation to both arms 
which required morphine for relief Three months prior to admission he had another 
severe attack of prccordial pain He then began to suffer frequent and intense attacks of 
bilateral angina pectoris As this patient was a high strung, strenuous man, he reacted 
poorly to inacliv ity and could not be controlled by medication His heart w as not enlarged, 
sounds were of fair quality, no murmurs, rate and rhjthm wero normal Electrocardio- 
gram showed inverted T waves in leads 2 and 3, with a normal chest lead 

10/27/38 and 10/29/38 Left and right aided paravertebral injection of alcohol These 
were followed by more than the usual degree of neuralgia, as had been anticipated from 
his nervous make up, but the thoracic discomfort subsided m a little over a month Ho 
then returned to Bermuda Six months later ho reported that he was “working and ex- 
ercising almost normally ” Tw o j cars after injection he w as able to pass bis arm} medical 
examination On nervou9 or phjsical strain he experienced a warning signal which con- 
sisted of “slight congestion on the sides of the throat or aching m the left arm like rheu- 
" Wx 5 armory , bis \oca\ doctor reported mm to be "absolutely we'll an all 

respects ” At the onset of the w ar he tried to return to actn e service and w ould have been 
■reinstated in his commission had it not been for the past hiBtory of angina pectoris In 
June, 1945, he was reported as lost at sea sn a small sailboat off Bermuda 

A final case history is of interest from another angle, as it illustrates a small 
but important sub group of cases of angina pectoris m which pain is experienced 
(luring attacks of paroxysmal tachycardia or auricular fibrillation In these 
there is suggests e evidence that sympathetic denervation is capable not only of 
interrupting tho pam, but of eliminating the cardiopressor impulses nhich give 
nse to the attacks (27) 
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Case tfA. Abigail W., 69. Coronary heart disease with paroxysmal auricular fibrilla- 
tion and angina pectoris. 

Attacks of rapid irregular action had been recurring for eleven years prior to this 
woman’s admission. Two years ago these had become more frequent and accompanied by 
precordial pain radiating to both arms. The electrocardiogram showed evidence of coro- 
nary disease. On entry to the hospital in 1936 these attacks were occurring two to three 
times a week and lasting several hours. Therapy with quinidine and digitalis was not 
effective. Examination showed left-sided cardiac enlargement , blood pressure 120/70, 
and thickened and tortuous peripheral arteries. At the times of her attacks the heart rate 
rose to 140 with grossly irregular action. There was no evidence of congestive failure. 
The electrocardiogram, taken at a period of normal heart rate, showed a flat Tj, sagging ST- 
and ST 3 and diphasic T< with initial phase inverted. At the time of one of these painful 
episodes there was auricular fibrillation with a ventricular rate of 120 and a diphasic ST- 
and ST 3 . 

- 2/8/36: Paravertebral alcohol injection T t -T 4 (right). 2/20/36: Similar injection on 

left. Although the attacks of paroxysmal cardiac irregularity continued after the first 
injection, they were painless on the injected side. After the left side was blocked they 
ceased altogether for six months, with the exception of a single attack, and did not again 
become really troublesome for twenty-one months. 

At her second admission in December, 1937, they were again occurring with equal in- 
tensity and pain. Alcohol injection was therefore repeated bilaterally and again stopped 
the episodes of tachycardia, but this time only for a month. 

This patient had very little discomfort from the injections, and it was evident that 
blocking the cardiac nerves was capable of stopping the pressor discharge which initi- 
ated the arrhythmia and also of blocking the afferent fibres which carried her pain. Evi- 
dence for this is the elimination of her right-sided pain after the first injection, when her 
attacks were still in progress. To-day we would recommend a bilateral upper thoracic sym- 
pathetic ganglionectomy, after demonstrating that nerve block with procaine would stop 
an attack. Another instance of stopping attacks of paroxysmal tachycardia by sympa- 
thetic denervation of the heart has been described by one of us (27), together with a review 
of the literature on this subject. 

2. Upper Thoracic Ganglionectomy 

Study of the statistics summarized in Table III shows that resection limited to 
the upper three thoracic ganglia is nearly certain to afford complete relief of pain 
on the side of operation. Whether posterior fixation of the cardiac rami may 
require additional resection of the fourth thoracic ganglion in rare instances re- 
mains, as yet, uncertain.* Olivecrona (22) in Sweden, following the teclinique 
recommended by one of us, has now performed this operation upon /3 patients. 
He reports excellent results and a mortality rate of only G.S per cent. In our 
smaller series of 8 cases there has been complete relief of pain in the precoulium 
and arm on the denervated side. In one of our earlier patients, Case 3B, there 
was late recurrence of pain referred to the arm and possibly some retuin in the 
left precordial area. A very slight return of crushing sensation in the right an- 

* A number of years ago Raney (3S) advocated simple resection of the sympathetic rami 
which are given off by the upper thoracic sympathetic ganglia without resection of the latter 
structures. In view of the extraordinary capacity for regeneration which has been o 
served (27) in the surgical treatment of Raynaud’s disease, we believe that this suggestion 
was a serious mistake. Once these ganglia have been exposed it is advisable to remove as 
great an extent of both the main paravertebral chain and its rami as possible. 



TABLE III 

Relief of Fain in Seierc Angina Fecions — By Upper Thoracic Sympathetic Ganghoncdomij 8 Cases 
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'Dra W J Muter and A W Allen helped with the operations in the fir<t four patients 
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the chest arid arm was relieved by resection of the inferior cervical and upper 
thoracic ganglia, but the unusual radiation to the upper cervical dermatomes 
was not interrupted either by resection of the superior cervical ganglion or a 
by subsequent division of the superficial branches of the cervical plexus. 

Case SB. Mrs. Elizabeth P., 58. Arteriosclerotic and hypertensive heart disease with 
angina pectoris. 

Mrs. P. had a striking hereditary background of degenerative vascular discnso. bhe 
hcrself'had had high grade hypertension for the past twelve years without complications. 
For the past throe years she had suffered from angina pectoris. The attacks, winch were 
entirely localized to the left side, involved the precordium and arm in the usual manner; 
in addition pain radiated to the forehead, where it was felt behind the eye, to the upper and 
lower jaws, and also to the neck and posterior scalp. Before entering this hospital she lmd 
been treated by Dr. H. M. Marvin by rest in bed for several months without relief. Dr. 
Marvin then referred her to us for operation. 

The patient was an intelligent and most cooperative woman of slender build. Physical 
examination showed tortuous radial arteries and a blood pressure of 270/130. Thero were 
no signs of congestive fnilurfc. By x-ray tho left ventricle was slightly enlarged and the 
aortic arch tortuous. The electrocardiogram showed “coronary” T-wnves. 

5/10/39: Itcsection of tho left inferior cervical, first and second thoracic sympathetic 
ganglia. Tho resection, mado through the supraclavicular approach, was followed by an 
uneventful convalescence. The attacks of precordial and arm pain were relieved, but she t 
continued to feel pain radiating to her neck, scalp, and face. 

7/5/39: Resection of tho left superior cervical ganglion. Following this operation, which 
divided some of the branches of the superficial cervical plexus, tho skin of her neck was at 
fust anaesthetic . During this period she had no teal pain , but noticed clutching sensations 
in her throat and some discomfort in the left side of her face on over-exertion. As cutane- 
ous sensation in her neck recovered, pain again recurred in this area and became particularly 
troublesome in tho left occipital area. Bccauso she had experienced relief during the period 
of cutaneous anaesthesia, it seemed logical to try the effect of permanent denervation of tho 
area to which this unusual pain was referred. This was accomplished by subsequent resec- 
tion in two stages of segments of the great occipital and other branches of the superficial 
cervical plexus, but was followed by only a transitory period of relief. A year and a half 
later the patient wrote that the first operation “removed completely all pain from tho lower 
chest, over the heart, and in the arm. ... I can truthfully say that in spite of the fact 
that the last two operations have numbed superficial areas, they have not prevented tha 
recurrence of the deep pains” in the base of the neck, chin, and posterior scalp. 

The exact mechanism of this high reference of pain is obscure (see below). 

A sixth case in this series is particularly instructive because it shows the 
unimportance of removing the lower cervical ganglia, but the vital need for 
carrying the resection caudally to include the third thoracic ganglion. While 
this is not always necessary, as demonstrated by Cases IB and 5B, its neglect 
will certainly result in persistent low precordial pain in a fair number of cases. 

Case SB. Dr. E. W., 44. Hypertensive heart disease with bilateral angina pectoris and 
morphine addiction. 

Tiiis woman physician came from a family predisposed to cardiovascular disease She 
suficred a coronary occlusion in 1930 and thereafter developed frequent attacks of crushing 
pam in the precordium with radiation to both arms. Nitroglycerine would abort but 
failed to relievo tho attacks, for which she had taken opiates and developed a definite addic- 
tion to the drug. Examination revealed a nervous, high-strung woman who was suffering 
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severely from insomnia and pain, so that she had been taking increasing doses of dilaudid 
and nembutal over the last two months. Her heart was normal as to size and sounds. 
Blood pressure was 160/110. The electrocardiogram showed evidence of slight left ventricu- 
lar strain (moderate left axis deviation). It was believed that she would have to be given 
complete relief in order to lessen her nervousness and eliminate her drug addiction, so for 
this reason and with her agreement a bilateral sympathectomy in two stages was planned. 

10/22/41: Supraclavicular approach and resection of middle and inferior cervical with 
upper two thoracic sympathetic ganglia on left side. After this operation there was relief 
of all pain on the left side except for a slight residual distress under her breast, but with the 
continued right-sided attacks her convalescence was complicated by psychic changes 
secondary to her drug addiction. 

12/15/41: Posterior approach through second rib with removal of upper three thoracic 
ganglia on right side. Convalescence after the second operation in the absence of painful 
anginal attacks was more satisfactory. Her warning signal now consisted of episodes of 
painless dyspnoea. These attacks, which were controlled by nitroglycerine, diminished 
, in number from a preoperative frequency of up to 40 a day to between 6 and 8. After a 
period of two months’ psychiatrical rehabilitation she returned to her home and practice. 
She was then able to continue office work for a period of seven months, when she had what 
appeared to be another coronary occlusion. Thereafter she again began to complain of 
pain low in the left precordium, owing to our failure to resect the third thoracic ganglion. 
She was readmitted at her own request to complete the denervation of the left side of her 
heart. 

4/6/43: Resection of third and fourth thoracic ganglia on left through third rib approach. 
An additional 4 cm. of the paravertebral chain was removed, including the dural clips 
applied to the distal stump at the previous intervention. Convalescence was uneventful 
and nursing care far less difficult than at her former admission. Fifteen months later she 
reported that she had no precordial pain, but infrequent warning signals on over-exertion. 
These consisted of "a slight, but really indescribable sensation in the chest where the old 
bouts of pain used to be” and some mild but definite pain referred to her neck and lower 
jaw. “I am more comfortable than I have been in six years. Walking is out, but I can 
drive without difficulty. . . . Following my doctor's advice, I only practise about three 
hours daily. . . . Last electrocardiogram is not appreciably changed.” 

Now, five jmars after her initial operation, she reports that she has never had any pre- 
cordial or arm pain, but that if she over-exerts she is “brought up shortly by pain in the 
neck and jaw. This as a rule is quite bearable and passes in a coup le of minutes. . . ■ I 
put in an average of six very busy hours daily in medical work. ... I have noticed during 
the last few months that when I have an occasional severe attack there is a slight crushing 
in the chest on the right side. Shortly after noticing this for the first time I observed that 
such attacks were accompanied with some perspiration of the upper half of the right side 
of the face and slight moisture of the right palm. ... In 1941 1 felt that I had reached the 
extreme limit of my endurance and now I am again living a full life.” 

The next patient in this series had been partially incapacitated for many 
years by right-sided angina pectoris and for three months by angina decubitus. 
The results of a purely right-sided denervation in this unusual distribution of 
anginal pain were most satisfactory. 

Case 7B. Charles C., 47. Arteriosclerotic heart disease with angina decubitus (right- 

This veteran of the first world war was seen at the U. S. N aval Hospital at Chelsea at the 
request of Dr. James Faulkner. He had been incapacitated for work by angina pectoris 
for thirteen years and complained of deep-seated pain on exertion m Ins right anterior 
chest with radiation to his right arm and neck below his ear. For six years he had sutlere , 
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periods of angina decubitus each winter. For the last few months he had been forced to 
remain in bed and was frequently awakened from Bleep. As nitroglycerine was no longer 
effective he was requiring morphine in increasing dosages. Except for the fact that ho was 
a steady drinker, his past history was uneventful, but his father had died at 51 of “heart 
disease.'* There was no history of syphilis and his Kahn reaction was normal. General 
physical examination was not remarkable. Blood pressure 130/9-1. The heart wa3 not 
enlarged, but the sounds were indistinct and there was a late systolic murmur at tho apex. 
The electrocardiogram showed T 2 upright but low, T« inverted, and a slight delay in A-V 
conduction. When an anoxia test was performed with 10 per cent oxygen and 90 per cent 
nitrogen, substcrnal pain developed in six minutes with depression of the S-T interval and 
a diphasic T<. 

4/13/42: Right-sided rcscctiou of tho lower portion of the inferior cervical and upper 
three thoracic ganglia through a posterior second rib approach. Convalescence after this 
operation was quite uneventful. Three weeks later on repeating the anoxia test there was 
no longer any pain qu tho right side or any change in the electrocardiogram. The patient 
noticed mild discomfort only on the left side of his chest. A year later in answer to a follow- 
up letter ho stated that he had not had pain on his right side at any time. “I get a warning, 
which affects mo with a constricting sensation at tho base of the throat and a cramping 
sensation high and to the left of the breast bone. These attacks do not last, as they did 
before, and usually disappear after a short period of relaxation and a nitroglycerine tablet." 
A recent letter four years after operation reports continued freedom from pain, although 
his activity is much restricted. 

The final case history in this series is of interest in view of the fact that this 
patient has taken no precautions as to his activities, to his eating, or to gain in 
. weight since his operation over two years ago. 

Case 8B. James T., 44. Arteriosclerotic heart disease with recent coronary thrombosis. 

This patient began to notice easy dyspnoea with a sense of tightness and compression in 
the precordium on mild exertion for a year prior to his admission to the U. S, Naval Hospital 
at Chelsea. Three weeks before he had been seized by a severe long-lasting attack of left- 
sided pain, for which he was given morphine and kept in bed for ten days. On admission 
any movement precipitated pain in the precordium and left arm. The patient was an 
obese, flabby veteran. Dr. James Faulkner, who saw him on the medical service, found his 
blood pressure to be 150/80, the heart not grossly enlarged, and free from evident disease. 
The electrocardiogram showed Ti, Ta and T 4 to be diphasic with a low origin, Ta upright. 
Kahn reaction negative. After two months he had failed to obtain adequate relief by 
careful medical treatment. 

6/3/43: Posterior approach through second rib with resection of upper three thoracic 
ganglia on left side. Recovery was uneventful and the patient was discharged free of pain 
twelve days later. 

It has been possible to get this man back for a recent follow-up examination. Three 
years after his operation he continues active work as a tax investigator. Although ho has 
had no pain, he has the usual painless equivalent once or twice 6 day, which is relieved by 
nitroglycerine. This represents a great reduction in the number of attacks with a remark- 
able increase in work tolerance. His electrocardiogram has not improved. In spite of an 
adequate warning signal he has not limited his activities in any way and ho continues to eat 
excessively and is markedly overweight. 

# ^ ^ ie ^ patients submitted to thoracic sympathetic ganglionectomy 
since 1939 all remain free of their former severe pain at intervals of ten months 
to six years, and 3 have been able to return to work or to lead moderately active 
lives. As 3 of these patients live at a distance it has been impossible for them 
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to report for an examination. On the whole the results in the recent members 
of this series have been so satisfactory that we are planning the use of thoracic 
sympathetic ganglionectomy as the preferable surgical procedure in all but the 
worst risk cases oi angina pectoris. It is evident that eveiy precaution must be 
taken to prevent nerve regeneration and that the operation does not eliminate 
' occasional slight residual pain referred to the jaw. Although the mechanism of 
this is still obscure, it does not appear to be a serious problem. 

S. Posterior Rhizotomy 

This operation, as stated above, requires a more extensive removal of bone 
and a longer period under anaesthesia than simple resection of the ganglia. 
It should therefore be reserved for the best risk cases and especially for those 
with bilateral pain. Olivecrona (22), who has given it a trial, believes that 
ganglionectomy is a safer and more satisfactory operation. It must necessarily 
remain the procedure of choice for the small group of modern neurosurgeons 
who are not experienced in the technique of sympathectomy. Rhizotomy is also 
a valuable recourse in those rare cases where paravertebral alcohol injection 

TABLE IV 


Relief of Pain in Severe Angina Pectoris — by Posterior Rhizotomy 7\-7\ or T t 


SURGEON 

CASES 

DEATHS 

' RESULTS 

L. Davis (Chicago) 


0 

Complete relief at 4 yrs. 

W. V. Cone (Montreal) 


0 

Complete relief 

F. C. Grant (Philadelphia) 


mm 

Residual subclavian pain in 1 

H. Haven (Seattle) 


mm 

Complete relief at 4 to 10 yrs. 

W. G. Crutchfield (Charlottesville) 

6 

0 

Complete relief 

B. S. Ray (New York) 

11 

1 

Complete relief 


has failed to afford a satisfactory degree of relief and has been followed by 
a disagreeable neuralgia (see protocol of Case 73A below) . We have had no per- 
sonal experience with this method. The statistics of others are summarized in 
Table IY. These results demonstrate the effectiveness of the method, as only 
a single patient had any residual pain. The postoperative mortality has not 
been high. 

The following case history is of particular interest, as it illustrates the benefit 
of freeing a patient of crippling pain from the point of view of his own peace of 
mind and restoration to active work over a period nearly six years. We 
had felt that this doctor was a good risk for thoracic ganglionectomy and 
had therefore recommended this procedure. Against our better judgment, but 
at his own request, a paravertebral injection of alcohol was carried out. Cardiac 
nerve block with alcohol relieved his left-sided pain, but was marred by an 
unusually severe intercostal neuralgia. Subsequent bilateral posterior root 
section performed by Dr. Bronson Ray in New York cleared up his neuralgia 
nnd put an end to the less severe pain on his right side as well. It is of interest to 
■observe this this patient, as has been the case with some of those treated by 
thoracic ganglionectomy, has developed slight residual pain in the jaw. We are 
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including this interesting case history with the patient’s and Dr. Ray’s kmd 
permission. 

Case ISA. Dr. L., 51. Arteriosclerotic heart disease with coronary occlusion. 

This prominent physician was reforred to us by Dr. David Barr of New 1 ork. Ho was a 
man of outstanding physical and mental energy who had developed mild suhstornal oppres- 
sion in 1929. In spite of this ho had continued under-water swimming, siding, and mountain 
climbing, ns well as carrying on a strenuous practice of medicine. In the spring of 19-11 
he suffered a mild coronary infarction. From then on he did not slacken his work, but took 
from 8 to'20 nitroglycerine tablets a day with large doses of aminophyllin, and suffered pain 
onlcss exertion. On arrival in Boston he was exhausted and having up to eight attacks by 
day and fivo by night, associated with dreams that ho was surrounded by Germans or about 
to miss a boat and having to run for it. Ho experienced pain on both sides of the pro- 
cordium, and with occasional radiation to the right as well as the left arm. Physical exam- 
ination showed a stocky and well-muscled man of middle ago without cardiac enlargement 
or murmur. There was no dyspnoea or other evidence of cardiac failure and his electro- 
cardiogram gave no evidence of recent myocardial infarction. There was a suggestion of 
calcification in his aortic arch. Blood pressure was recorded at 130/80. The Wasserman 
reaction was negative, and x-ray revealed no evidence of gall bladder disease, but he had a 
small hiatus hernia. It was the opinion of the medical department that this was not tho 
cause of his pain. 

Because of his good general condition surgical denervation of tho heart was recommended 
in preference to injection of alcohol, but tho patient elected tho latter. Paravertebral 
injection of procaino followed by alcohol was carried out on the left side on 3/10/42. Tho 
early results were excellent, as the patient lind little discomfort and was relieved of all his. 
anginal pain, but three weeks later, while recuperating at the New York Hospital, he de- 
veloped a severe neuralgia in the left chest. With this he noticed a return of anginal pain 
on tho uninjoctcd right side. Two months later this was subsiding when Dr. Bronson Ray 
carried out a bilateral section of the upper four thoracic posterior spinal roots. After this 
all vestiges of intercostal irritation disappeared, ns well ns his residual right-sided angina. 
He continued to observe an adequate warning signal on over-exertion, which consisted of a 
Bense of painless constriction under his upper sternum. Ho then returned to his home and 
to his medical work. 

The excellent all around result which followed radical surgery continued after four years. 
In a letter written in June, 194G, he states that he has never at any timo experienced pain in 
his chest. There is only a mild sense of constriction there and also a sense of actual pain 
Referred to his jaw. Unusual reference of pain to this region has been commented on above. 
It docs not disappear after upper cervical sympathectomy and is probably transmitted by 
the vagus nerve. Fortunately it alunys goes away with nitroglycerine and, as it prevents 
over-activity, he feels that it has a definite beneficial value. His electrocardiogram at 
present shows a low T-wave in the first lead and the presence of ventricular premature 
beats. He states that he leaves his house for the hospital at eight in tho morning and usu- 
ally gets back around six, with an occasional afternoon off. “At present I am on the Gov- 
ernor’s Hospital Study Commission and the Statehood Committee. I have just finished 
' as president of the County Medical Society and am involved with the . '. . dentists on astudy 
of dental decay in relation to diet. Of course, in a business and professional way I am 
interested in a number of, other things, but they arc part of work.”* 

V. DISCUSSION 

In summarizing experiences with the neurosurgical treatment of medically 
intractable cardiac pain, we wish to stress that resection of the upper thoracic 
ganglia or section of the corresponding spinal sensory roots are preferable to 

•Since tho preparation of this manuscript another follow-up letter written in January 
1948 states that he is still free of pain and continues and active practice of medicine. 
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paravertebral injection of alcohol, provided the patient can tolerate a major 
operative procedure. These two operations do not cause neuralgia, and aboli- 
tion of cardiac pain is reasonably certain and permanent. We have indicated 
in Table II the patients in whom we would now consider ganglionectomy the pre- 
ferable procedure. This leaves over half of the worst sufferers in whom the 
risk of operation would have been too serious to contemplate and for whom 
paravertebral block would still have been the procedure of choice. 

From the data presented above we conclude that the nervous connections 
which carry cardiac pain referred to the precordium and arm are now established. 
Reference of residual pain to the neck and jaw, which occurred in a few cases, 
still remains an unsolved problem. It may persist after upper thoracic gan- 
glionectomy (Cases 5B and 6B) or after posterior rhizotomy (Case 73A), but for- 
tunately has never been severe. Resection of the entire length of the cervical 
sympathetic trunk in Case 5B failed to relieve it. Olivecrona (22), who has en- 
countered similar cases, states that pain referred to the lower jaw can be relieved 
by injecting the mandibular nerve. The most likely remaining pathway of 
transmission from the heart to the brain is over the vagus nerves. The sensation 
in the jaw may be produced by a reflex mechanism similar to that described by 
Davis and Pollock (39) in their paper on pain from stimulation of the superior 
cervical sympathetic ganglion. 

Provided the immediate complications of acute myocardial infarction or 
congestive failure are successfully avoided, it is fair to conclude that only good 
results have followed surgical intervention'. Mackenzie’s (2) fear that removal 
of the warning signal of pain would permit the individual to damage his heart 
by over-exertion has not been substantiated, because the sense of painless con- 
striction and dyspnoea have been effective deterrents. Danielopolu (40) 
formerly argued that removal of the stellate ganglion was fraught with serious 
danger to the heart, but evidence for this has also been lacking. Indeed, relief 
from pain and mental anxiety are most effective therapeutic agents. This has 
been particularly apparent in Cases 6B, 8B, 1A, 35A, 39A, 51A, 61A, and 73A, 
all patients with totally incapacitating angina decubitus who were requiring 
large doses of morphine for relief. The hopeless mental outlook, with drug 
addiction either threatening or already present, and exhaustion from lack of 
sleep appeared to limit the period of life expectancy to but a few months. . These 
patients, with the exception of Case 39A, who died at ten months after injection 
following an ill-advised operation on his gall bladder, have survived for periods 
of from three to nine years. After nine, four, and six years respectively Cases 
51A, 73A, and 8B still continue to lead active and most useful lives. The pres- 
sent examination of the heart and the electrocardiograms in two of these patients 
now show relatively little evidence of coronary disease. 

Tables II and III include the data necessary to evaluate the eventual outcome 
in those patients who obtained lasting complete remission of cardiac pain. 
From these statistics alone it cannot be concluded that life is definitely pro- 
longed, except in the group described above where angina decubitus and exhaus- 
tion from constant fear, loss of sleep, and morphine addiction seemed to ie 
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rapidly pushing the patient to a fatal termination of his disease. Nevertheless, 
the freedom from suffering and, furthermore, the ultimate termination of life 
from painless attacks of coronary thrombosis are most effective arguments for 
the wider use of surgery in this disease. 

In conclusion, there is a small but important sub-group of patients with 
angina pectoris and complicating paroxysmal auricular tachycardia or fibrilla- 
tion. Occurrence of severe pain throughout the period of rapid heart action 
is the rule. This may last from a few minutes to many hours, and the tachycar- 
dia is often resistant to quinidine and other medical measures. This combina- 
tion is not only distressing, but also poses a serious threat to the patient s 
life with each prolonged attack. Sympathectomy under these circumstances 
offers almost complete assurance of relief of the pain. Of equal importance 
is the likelihood of a significant lessening (or actual abolition) of the paroxysms 
of tachycardia. In this connection it is of interest that Jonnesco’s original case 
(3) probably had this combination. Our Case 43A (see protocol above) illu- 
strates this situation well. Over a six months’ period of effective block after 
paravertebral injection of alcohol she was completely relieved, both of her 
precordial crushing pain and of disturbing paroxysmal attacks of auricular 
fibrillation. A second paravertebral injection of alcohol, ns is the rule, was 
less effective, lasting only one month. This patient was not too poor a risk 
for surgery and it is unfortunate that we did not carry out a bilateral resection 
of the upper thoracic sympathetic chains. 

Remarks Concerning Other Surgical Methods for Relieving Angina Pectoris 

Methods described above for the relief of angina pectoris arc all based on 
direct interruption of nerve fibres which carry pain from the heart. Two other 
interpretations have been made of the beneficial effect of sympathectomy 
(Lericho (41)). These theories ascribe this to (a) destruction of vasomotor 
nerves with prevention of constrictor spasm of the coronary arteries, (b) paralysis 
of sympathetic motor fibres with interruption of cardiopressor reflexes. 

As regards the first possibility, a significant degree of coronary vasodilatation 
following any form of sympathectomy is most unlikely, and after posterior root 
section there can bo no vasomotor effect whatever. Nevertheless, the late 
results in' patients who have had the latter operation are just as good as after 
sympathectomy , in which the efferent coronary vasomotor fibres are interrupted 
as well ns the sensory afferents. Physiological evidence concerning the action of 
cardiac sympathectomy on coronary circulation is too conflicting to justify any 
neurosurgical attempt to increase the blood supply of the myocardium by 
this procedure. Furthermore, even if it were feasible it would not be a practical 
procedure, as in the great majority of individuals with angina pectoris the 
resilience of these arteries has been lost. 

Concerning the interruption of motor impulses which drive the heart to 
exceed its limited capacity for work, the experiments of White, Garrey, and 
Atkins (19) showed that to accomplish this it is necessary to perform extensive 
upper thoracic ganglionectomy on both sides. It is also necessary to eliminate 



38 


JAMES C. WHITE AND EDWARD F. BLAND 

the secretion of the adrenal medullas, because Cannon, Lewis, and Britton (42) 
have found that the denervated heart is accelerated by minute quantities of 
adienine. If it were practical to do this, the heart would be seriously crippled 
thereby. Our clinical observations have shown that all the sympathetic cardiac 
nerves can be interrupted and still permit the heart an adequate accelerator 
response through reduction in vagal tone and the chemical mediation of adrenine 
and sympathin. 

Before leaving the subject of cardiac denervation, the recent modification in 
operative procedure recommended by Fauteux (26) deserves comment. This 
writer has proposed resection of the cardiac nerves adjacent to the coronary 
arteries and ligation of the coronary sinus. This operation requires a wide 
exposure of the heart. Periarterial dissection of the coronaxy nerves in the 
beating heart is at best a difficult procedure, and a considerable length must be 
resected to prevent their regeneration. In addition, there is little evidence that 
vein ligation will result in an inci’eased collatei'al blood flow, especially in the 
presence of arteriosclerotic vessels. In fact, Beck and Mako (43), after an 
experimental investigation of ligation of the coronaiy vein, concluded that its 
beneficial effects were probably not great enough to justify its application to 
patients. Although Fauteux reports only 1 fatality in a series of 5 cases, his 
series is not extensive enough to show that the actual risk may not be far greater* 
and his period of follow-up is not long enough to prove that cardiac pain -will not 
recur as the nerves regenerate. 

While it is our belief that sensory denervation of the heart is the most practical 
method of dealing with the problem of intractable angina pectoris, several other 
methods have been tried but have fallen into disuse because of their prohibitive 
mortality rate or inconstant l’esults. These consist of: 

- 1) Total thyroidectomy: This operation, proposed by Blumgart, Levine, and 
Berlin (45), is based on the reduction in work of the heart which results from 
lowering the basal metabolism. According to Cutler and Hoerr (46) and 
Bl um gart (47) the operative mortality is about 9 per cent. Relief from pain is 
not as consistent as after interruption of the sensory nerves from the heart, as in 
the Peter Bent Brigham Hospital series only 8 out of 12 patients had a “sustained 
clinical improvement.” In the single example which we have been able to 
observe, a patient who required further treatment after total thyroidectomy 
performed at another hospital, angina continued to be severe unless the basal 
metabolism was allowed to fall to the level of severe myxoedema. As total 
thyroidectomy is just as serious a procedure as sensory denervation of the heart, 
we no longer consider it to be a justifiable procedure in the treatment of angina 

pectoris. f 

2) Increase in collateral coronary circulation by vascular grafts : Beck s (4o) 
method of increasing the myocardial circulation by application of vascular 
grafts from the intercostal muscles at first seemed to be a valuable suggestion. 

* Inasmuch as Fauteux’s operation requires an exposure very similar to that described 
by Beck (44) for his myocardial grafts, one might logically expect a very much higher 
mortality rate. 
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Continued experience, however, has shown that the mortality rate of 3/. 8 per 
cent is prohibitive (Feil (48)). Furthermore, it is highly questionable whether 
a muscle which no longer fulfills its normal function can retain a satisfactory 
circulation. On this basis O’Shaughncssy’s (49) proposal of utilizing omental 
grafts seems distinctly more logical, and it is a pity that his studies wore cut 
short by his untimely death at Dunkirk. 

Even if the technical difficulties of attaching vascular grafts to the myocardium 
could be successfully solved, it remains a question if the collateral circulation 
could be increased rapidly enough to save many of the patients with severe 
angina pectoris. In the majority of these most critical cases, as we have shown 
above, it appears that a fairly adequate collateral circulation can develop 
spontaneously if the patient is relieved even temporarily from the fear and 
exhaustion connected with recurrent agonizing attacks of pain. 

VI. SUMMARY AND CONCLUSIONS 

1. All afferent painful impulses from the heart are carried to the paravertebral 
sympathetic chains over cither the middle and inferior cardiac nerves, or over 
accessory cardiac rami which Tun to the upper three thoracic ganglia. As there 
are no direct connections between the cervical ganglia and the spinal cord in 'the 
neck, these pathways are all concentrated in the upper thorax, where they 
reach the highest three or four thoracic spinal nerves over the sympathetic rami 
communicantes. They then enter the spinal cord over the posterior roots. 
These upper thoracic ganglia, their connecting white rami communicantes, and 
the posterior spinal roots are the logical points for attack by the surgeon in the 
intractable forms of angina pectoris. 

2. The pathways of cardiac pain may be interrupted effectively by chemical 
destruction of the sympathetic ganglia and their rami with alcohol, by sympathe- 
tic ganglionectomy, or by posterior rhizotomy. After these operations there is 
occasional persistence of mild pain referred to the jaw, the mechanism of which 
is still unknown. 

3. Clinical statistics are presented which indicate that all suitable cases of 
angina pectoris can be relieved of their crushing precordial and arm pain by 
properly executed neurosurgical procedures. These patients do not lose the 
danger signal which warns against over-exertion, but it is no longer agonizing 
pain. In skilled hands surgical intervention is no more dangerous than any 
of the other common major operations in this ago group. Once relieved of their 
pain, these patients are able to live happier and more active lives, free from 
fear of ever-recurring attacks and less conscious of impending death. They are 
no longer threatened with addiction to morphine, lack of sleep, and worry, which 
so often are factors accelerating termination of life by coronary occlusion. 
If fatal coronary infarction takes place, it is usually painless. 

4. The relative effectiveness and risk of these procedures are evaluated by 
statistics drawn from 83 cases. The open surgical approach gives nearly perfect 
relief of pain, but cannot be used safely in patients with the most advanced 
forms of coronary disease. Paravertebral block with alcohol, on the other hand, 
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is the safest method, but fails to bring about effective denervation in a small 
proportion of cases (8 per cent). It is also often followed by intercostal neural- 
gia, which is a cause of major complaint in some 10 per cent of cases. This 
method must therefore be reserved for patients who are unfavourable surgical 
risks, but it has given striking benefit in many of this group. 

5. It is recommended that surgical intervention be considered more often 
when adequate medical measures fail to control severe and protracted attacks 
of angina pectoris. With relief of pain the associated nervous tension is reduced. 
More complete relaxation and sleep are ensured, and the patient is thereby given 
his best chance of surviving a period of critical coronary insufficiency until there 
is spontaneous improvement in myocardial circulation by the slow development 
of competent collateral vessels. Such a sequence appears to have occurred in a 
number of our recorded cases. 
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A. Historical Aspects 

'phen (2-phenyl quinoline-4-carboxylic acid) was synthesized by 
_nd Giesecke (84) in 1887 who obtained this chemical as a condensation 
y boiling for 3 hours molecular amounts of nnilin, pyruvic acid and 
vde in absolute alcohol on a water bath. Numerous patents were 
• , on variations of this basic procedure by subsequent investigators, 
-'oprnent of different methods of production, such as that of Pfitzinger 
> condensed atin and acetophane or isatinic acid and acetophenon, was 
y stimulated by the commercial importance which this chemical ob- 
' ' _tcr the turn of the century. Following Nicolnier and Dohrn’s (254) 
_■ in 1908 that cinchophen considerably increases the excretion of uric 
le urine, Weintraud (382) introduced it in 1911 as a drug into medicine 
treatment of gout. Because of this therapeutic use, cinchophen was 
*•* 1 under the name of "atophan”, by which it is still known in Europe, 
’ew World it has been replaced by the chemical term of "cinchophen". 
'd “atophan” or parts of it have been incorporated into the proprietary 
J derivatives of cinchophen or of its mixtures with other drugs (novato- 
tophanyl, isatophan, atochinol, lytophan, hexophan, quinophan, irri- 
iophan, etc.). 

the therapeutic indication for cinchophen was subsequently extended 
ut to a large number of other and unrelated disease conditions, such as 
tic polyarthritis, infectious diseases of various kinds, neuritis, headache, 
mndice, and eczema, numerous derivatives of cinchophen were prepared 
.tempt to improve or modify its medicinal properties and its toxic quali- 
lincliophen, or one of its derivatives, became an ingredient of many patent 
les recommended for the treatment of colds, neuralgias, rheumatism, 
and headache (164). These products were offered to the public under 
stic names and with highly exaggerated claims as to the therapeutic efficacy 
This indiscriminate promotion of the sale of cinchophen was in part 
essly the result of the rather enthusiastic reception which this drug re- 
by the medical profession, particularly in Germany. This development, 
ver, was aided by the fact that during the first twenty years of its medicinal 
ichophen apparently did not give rise to any serious toxic complications, 
from some occasional, minor and transitory skin reactions and gastro- 
nal disturbances, the drug appeared to be practically harmless when given 
oeutic doses. The annual production of this drug by pharmaceutical 
America and Europe reached high levels during this period (461. 
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A. Historical Aspects 

Ckinchophen (2-phenyl quinoline-4-corboxylic acid) was synthesized by 
Doebner and Gieseeke (84) in 1887 who obtained this chemical as a condensation 
product by boiling for 3 hours molecular amounts of anilin, pyruvic acid and 
benzaldehyde in absolute alcohol on a water bath. Numerous patents were 
taken out on variations of this basic procedure by subsequent investigators. 
The development of different methods of production, such as that of Pfitzinger 
(267) who condensed atin and acetophane or isatinic acid and acetophenon, was 
apparently stimulated by the commercial importance which this chemical ob- 
tained after the turn of the century. Following Nicolaier and Dohm’s (254) 
discovery in 1908 that cinchophen considerably increases the excretion of uric 
acid in the urine, Weintraud (382) introduced it in 1911 as a drug into medicine 
for the treatment of gout. Because of this therapeutic use, cinchophen was 
marketed under the name of "atophan”, by which it is still known in Europe. 
In the New World it has been replaced by the chemical term of “cinchophen”. 
The word “atophan” or parts of it have been incorporated into the proprietary 
names of derivatives of cinchophen or of its mixtures with other drugs (novato- 
phan, atophanyl, isatophan, atochinol, lytophan, hexophan, quinoplian, irri- 
phan, esophan, etc.). 

When the therapeutic indication for cinchophen was subsequently extended - 
from gout to a large number of other and unrelated disease conditions, such as 
rheumatic polyarthritis, infectious diseases of various kinds, neuritis, headache, 
colds, jaundice, and eczema, numerous derivatives of cinchophen were prepared 
in an attempt to improve or modify its medicinal properties and its toxic quali- 
ties. Cinchophen, or one of its derivatives, became an ingredient of many patent 
medicines recommended for the treatment of colds, neuralgias, rheumatism, 
grippe, and headache (164). These products were offered to the public under 
pliantastic names and with highly exaggerat ed claims as to the therapeutic efficacy 
(1G4). This indiscriminate promotion of the sale of cinchophen was in part 
doubtlessly the result of the rather enthusiastic reception which this drug re- 
ceived by the medical profession, particularly in Germany. This development, 
moreover, was aided by the fact that during the first twenty years of its medicinal 
use cinchophen apparently did not give rise to any serious toxic complications. 
Apart from some occasional, minor and transitory skin reactions and gastro- 
intestinal disturbances, the drug appeared to be practically harmless when given 
in therapeutic doses. The annual production of this drug by pharmaceutical 
houses in America and Europe reached high levels during this period (46). 
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The first report on the occurrence of a serious complication in the form of an 
acute yellow atrophy of the liver following the administration of cinehophen did 
not attract much attention at the time of its publication in 1923. Subsequent 
communications dealing with similar observations made during this decade re- 
mained rare events and originated in the majority of cases from Anglo-American 
countries. Doubts as to the completely innocuous nature of cinehophen were 
in general during this period very mild or nonexisting. 

These isolated reports, however, aroused the medical profession to assume a 
more critical attitude toward the drug. The appearance of jaundice and the 
development of acute degenerative hepatitis after the administration of cincho- 
phen or one of its derivatives formed the subject of an increasing number of 
publications during the latter part of the second decade and. the early part of 
the .third decade of this century. As a significant portion of these untoward re- 
actions attributed to cinehophen had a fatal outcome, doubts were voiced as to 
whether the continued use of this drug was still justified. Some investigators 
have gone so far as to brand cinehophen as a dangerous drug, the employment 
of which in medical practice should be abandoned. Others advocated a strictly 
controlled dispensation of cinehophen restricted to the treatment of gout when 
all other therapeutic measures have failed. There exists finally^ group of com- 
petent American and European physicians possessing extensive experience with 
this drug who have not hesitated to challenge the validity of the various allega- 
tions and condemnations advanced, since they are not supported by the observa- 
tions which these investigators have made until the drug over a period of many 
years and on a large number of patients. As the result of the present controver- 
sial status of cinehophen as a medicinal agent, the production and the therapeutic 
use of this chemical have considerably decreased in recent years. 

Observations and studies of recent years have appreciably extended our knowl- 
edge on toxic reactions from chemotherapeutic agents and on the etiology of 
acute degenerative hepatitis due to chemical or infectious causes. It is the 
purpose of this review to present and analyze the available and pertinent data 
on the chemical, pharmacologic, therapeutic and toxic properties of cinehophen 
and its derivatives as they appear from experimental and clinical observations, 
and to integrate them with the existing information on drug reactions and de- 
generative liver disease. It is believed that through this procedure a fair and 
rational appraisal of the position which cinehophen and it derivatives may occupy 
as medicinal agents can be made. 

B. Physical and Chemical Properties 

Cinehophen (alpha-phenyl cinchoninic acid — CeHsCuHsN -COOH) crystallizes 
in small colorless needles which melt at 208°— 209 °C (254) or at 212 -213 C (375) 
and which have a bitter taste. It also forms a white, odorless powder which, 
during the first decade after the introduction of cinehophen into medicine, often 
had a yellowish tint due to the presence of impurities. Cinehophen is insoluble 
in cold water, almost insoluble in hot water, soluble in alkalies after heating 
thereby forming soluble salts (sodium bicarbonate, hexamethylene tetramine), 
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soluble in boiling alcohol (20 parts), in boiling acetone (25 parts), in boiling 
benzene (250 parts), in boiling glacial acetic acid, and not readily soluble in 
ether. Wren added to a 15 per cent sodium hydroxide solution, cinchophen is 
temporarily dissolved, but subsequently solidifies into a thick paste through the 
precipitation of very fine needles of its sodium salt. When heated well above 
the melting point cinchophen is decomposed. 

Neocinchophen (novatophan, tolysin — CHsCoHiCtlhCOOCiIIs) is the ethyl 
ester of para-methylphenyl cinchoninic acid and is medicinally the most impor- 
tant of the many derivatives prepared from cinchophen. It is a yellowish white, 
odorless, practically tasteless, crystalline powder which is nearly insoluble in 
water and dilute alkalies, but is readily soluble in hot alcohol, strong acids, 
ether, chloroform and other lipoid solvents. 

A test for the qualitative identification of cinchophen and neocinchophen 
was described by Ekkert (90). Wien to 0.01 to 0.02 gm. of cinchophen or neo- 
cinchophen a few drops of concentrated hydrochloric acid and equal amounts 
of either alpha or beta naphthol are added, a blood red liquid is formed. Pol- 
iowing the alkalinization of this material by the addition of sodium hydroxide 
the cinchophen solution becomes clear and colorless, while the neocinchophen 
solution becomes first milky and then clear. Tests for the quantitative deter- 
mination of cinchophen were developed by Rabak (279) and Palkin (258), and 
were reported in New and Nonofficial Remedies (253). Castiglioni (52) devel- 
oped a method for the quantitative demonstration of cinchophen in tissues and 
Berman, Snapp, Atkinson and Ivy (28) described a method for the quantitative 
determination of cinchophen in bile. There does not seem to exist a quantita- 
tive test for determining the cinchophen content of the blood. 

When it was shown that cinchophen possesses several pharmacologically im- 
portant properties (uricosuric, analgesic, antipyretic, antipldogistio, choleretic), 
attempts were made to prepare derivatives having these qualities to an even 
higher degree than cinchophen and being, at the same time, less toxic. Efforts 
in these directions were made on an extensive scale. Waser (379) stated that 
more than 50 German patents were issued covering products which allegedly 
represented ‘.‘improved” cinchophens. A research report of the Schering-Kahl- 
baum A. G. (303) mentioned that more than 200 derivatives of cinchophen were 
prepared and many of them pharmacologically tested by this organization alone. 
However, it is apparent that the therapeutic results obtained with these deriva- 
tives have not paid for the efforts made, as cinchophen and neocinchophen re- 
mained the medicinally best agents (118). 

The research report of the Schering-Kahlbaum A. G. (303) listed the following 
derivatives: quinoline-4-carboxylic acid; 4-methylquinoline-4-carboxylic acid- 
2-methylquinoline-3-carboxylic acid; 2-isopropylquinolino-4-carboxylic acid; 

2- isobutylquinoline-4-carboxylic acid; 2-n-hexylquinoline-4-carboxylic acid- 
quinolinc-2, 4-dicarboxylic acid; 2.3 dimethylquinoline-4-carboxylic acid; 2,oxy- 

3- methylquinoline-4-carboxylic acid; 2-methylquinoline-3-carboxylic acid; 2- 
methylquinoline-3 . 4-dicarboxylic acid ; 2 . G-dimethylquinoline-3 . 4-dicarboxylic 
acid; 2-furylquinoline-4-carboxylic acid; 2-styiyl-quinoline-4-carboxylic acid; 
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2- cyclohexylquinoline-4-carboxylic acid ; 2-methyl-pyridylquinoline-4-carboxylic 
acid; 2-a-napbthylquinoline-4-carboxylic acid; 2-4-naplithylquinoline-4-carboxylic 
acid; 6-oxy-cinchophen; 8-oxy-cinchophen and its methyl and acyl derivatives 
(the methyl derivative known as isatophan) ; 2-m-p-dimethoxyphenylquinoline- 

3- carboxylic acid; 2-piperonylquinoline-4-carboxylic acid; 2-oxy-3-phenylquino- 
line-4-carboxylic acid; sulfophenyl-quiholine-4-carboxylic acid; 2-(p-oxyphenyl) 
quinoline-3 .4-dicarboxylic acid; 2-phenyl-quinoline-3.4-dicarboxylic acid; 2- 
phenylquinoline-2°,4-dicarboxylic acid (Lytophan); chlorinated derivatives of 
cinchophen; p-iodophenylquinoline-4-carboxylic acid; 6-methylcinchophen; 8- 
methylcinchophen ; 7-methylcinchophen; 2 ,benzyl-3-phenylquinoline-4-carbox- 
ylic acid; 2.3-diphenylquinoline-4-carboxylic acid; aminocinehophens with the 
amino group either in the quinoline nucleus or in the phenyl side group; acylated 
aminocinehophens. 

The methyl-, ethyl-, gtycollie acid ethyl-esters, amines, urea- and carbamic 
acid esters of cinchophen were found to be little soluble in water. 

Von Oettingen (375) published the following list of the best known derivatives 
with their proprietary names (Table 1). In a second compilation (Table 2) 
this investigator presented a large number of cinchophen derivatives arranged 
according to their relative uricosuric properties. 

Skita (329) prepared tetrahydroatophan and decahydroatophan. The 
tetrahydroatophan, which is produced by the reduction of cinchophen, forms 
yellowish white crystals which are insoluble in water and which' melt at 165°- 
167°C. Hartmann and Wybert (158) introduced a thiophen group in place of 
the phenyl group and thereby obtained thienylquinoline-4-carboxylic acid, of 
which they also prepared the acetic acid ester. Braun and Stuckenschmidt (42) 
developed tetrophan (1.2-dihydro-3.4-benzacridine-9-carboxylic acid). Lublin 
(220) reported the production of triatophan (CgH 6(C9H 6 NCOOH3)). Impens 
(185) studied 40 cinchophen derivatives. 

The pharmacological testing of the various derivatives showed them to differ 
greatly in their biological properties depending upon their chemical structure 
and composition. (See Table 2) (375, 300). It was shown that the introduc- 
tion of a phenyl rest into the 2-position of the quinoline carboxylic acid molecule 
is essential for an uricosuric effect (85). In the absence of this phenyl group or 
in the presence of an alkyl group in its place, there is no uricosuric, antipyretic 
and antiphlogistic effect. With the introduction of the first ring system (furyl, 
styril,- cyclohexyl, methylpyridin, naphthyl) in the 2-position of the quinoline- 

4- carboxylic acid the compounds start to show uricosuric properties (303). In 
addition to the phenyl group a second substitution of the quinoline nucleus must 
be present, which is most effective when in the 4-position as a carboxylic group. 
Duplication of the phenyl rest and carboxylic group does not abolish the effective- 
ness of the compound as an uricosuric agent. Other factors have corresponding 
effects (hydroxyl-, methyl-, ortho-position of phenyl-, methoxy-group in para 
position, amino-group, benzoyl-amino-group, esterification with alcohol, amide 
formation of carboxyl group). Rotter (300) noted that the substitution of a 
second phenyl, ethyl, amino or hydroxyl group (but not methyl) in the quinoline 
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nucleus considerably lowers the uricosuric effect of the resulting compound. 
Triatoplinn was found by Lublin (220) to be ineffective as an uricosuric agent, 
while the ethyl ester of cinchophen (acitrin) retains this property, but does not 
possess antiplilogistic qualities (85). 

Braun (41) and Wolff (397) maintained that the action of cinchophen is condi- 
tioned by the gamma pyridin carboxylic acid located between a benzol nucleus 


TABLE 1 (375) 


PBOPSIETAHY NA1IE 

CHEMICAL NAME 

Cinchophen 

2-PhcnylquinoIinc-4-carboxylic acid 

Atophnn K 

2-PhenyIquinoiinD-4'CarboxyI-methylcster 

Acctrinc (Novatophan Improved) 

2-Phenylquinolinc-4-carboxyl-ethylestcr 

Atochinol 

2-Phcnylquinolinc-4-carboxyl-allylestcr 

Paratophan 

Tolysin 

2-PhenyI-C-mcthylquinolinc'4-carboxylic acid 

Novatophan 

Neocinchophcn 

2-Phcnyl-G-mcthylquinolipe-4-carboxyl-cthylcster 

Synthalinc 

2-Piperonylquinolinc-4-carboxyl-methylcstcr 

Lytophan 

2-(o-Carboxyphonyl)-4-quinolino-carboxylic acid 

Hexophan 

2-(p-Hydroxy-m-carboxyphcnyl)-quinolinc-4- 
carboxylic acid 

Guplicn 

2-PhcnyIquino]ine-4-carboxyl-guaiacolester 

CinchoBal 

Ethyl-2-phenjdcinchoninyl-8alicylato 

Diapurine 

2-Phenyl-beta-naphthol-quinolinc-4-carboxylic 

acid 

Faraetan 

N-Iodo-2-phcnylquinolinc-4-carboxj'lic acid 

Biloptin 

2-(p-Iodophenyl)-6-iodoquinolinc-4-carboxyIic 

acid 

Oxyliodide 

Hydroiodide of cinchophen 

Quinophan 

Brand of cinchophen , 

Agotan 

Brand of cinchophen 

Phcnoquino 

Brand of cinchophen 

Leucotropine 

2-Phenylquinolinc-4-carboxylate of methenamine 

Irriphan 

Strontium salt of cinchophen 

Atophanyl 

Solution of cinchophensodium and sodium salicyl- 
ate (10% with addition of 0.16% of p-amino- 
etlmnol hydrochloride) 

Erycon 

2-(p-Methoxyphcnyl)-4-quinoline-carboxylic acid 

Pantan 

2-Phenyl-cinchopinylurethanc 

Esophan 

2-Phenyl-6-hydroxy-3,4-quinoline'dicarboxylic 

acid 

Isatophan 

j 2-Phenyl-8-mcthoxy-quinoline-4-carboxylic acid 


and a hydrated or nonhydrated naphthalene nucleus. In the report of Schering- 
Kahlbaum (303) it is noted that oxy-groups in the phenyl Tadical destroy in 
general the uric acid eliminating properties.’ Only when the oxy-group is in 
2-position is this quality retained. Antipyretic properties are weak and anti- 
phlogistic properties are absent in theso compounds. Oxy-cinchophens are 
moderately to strongly uricosuric and moderately antiphlogistic. 2-piperonyl 
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quinoline-4-carboxylic acid is not uricosuric, is weakly antiphlogistic and is as 
toxic as cinehophen. The introduction of a second carboxyl group considerably 
reduces the toxicity as well as the therapeutic efficacy of such chemicals. Chlorin- 
ated cinchophens with the Cl in the phenyl group are as toxic as cinehophen, 
less antiphlogistic, but possibly more strongly uricosuric than cinehophen. 


TABLE 2 (375) 

EFFECTIVE 

INEFFECTIVE 

2-Phenylquinoline-4-carboxylie acid 
2-Pkenylquinoline-4-carboxylic acid ethyl 
2-Phenylquinoline-4-carboxyl-amide 

2 , 3-Diphenylquinoline-4-carboxylic acid 
2-Phenyl-6~methyIquinoline-4-carboxylic 
acid 

2-Hydroxyphenylquinoline-4-carboxylic acid 
2-Phenyl-3~hydroxyquingline-4-carboxylic 
acid 

2-Phenylquinoline-4-carboxylic .acid acetol 
ester 

2-Phenylquinoline 

Di-hydroxj'quinoline 
Quinoline-4-carboxylic acid 

Quinoline-2, 4-dicarboxylic acid 
2-Methylquinoline-4-carboxylic acid 
2-Methylquinoline-3-carboxylic acid 
2-Methylquinoline-3, 4-dicarboxylic acid 

2.3- Dimethylquinoline-4-carboxylic acid 

2. 3- Dimethylquinoline-3 , 4-dicarboxylic 
acid 

2-Phenyl-6-hydroxyquinoline-4 , 8-dicarb- 
oxylic acid 

2-Phenyl-6-methoxyquinoline-4-carboxylic 

acid 

2(Dihydroxyphenyl)-quinoline-4-car- 
boxylic acid 

2-Phenyl-6-benzoyIaminoquinoline-4-car- 
boxylic acid 

2-Phenyl -7-methylquinoline-4-carboxylic 
acid 

2-Phenyl-S-carboxylic acid ethylesterquino- 
line-4-carboxylic acid 
2-(P-methoxyphenyl)-3-phenylquinoline-4- 
carboxylic acid 

2-(P-tolyl)-quinoline-4-carboxylic acid 
2-(P-methox3'phenyl)-quinoline-4-car- 
boxylic acid 

2.3- Diphenylquinoline-4-carboxylamide 
2-Phenylquinoline-4-carboxylic acid urea 
2-Phenylquinoline-4-carboxylic acid- 

salicylic acid ester 

2-PkenyIquinolinc-4-carboxylic acid ester of 
ethyleneglycol mono salicylate 
2-Phenylquinoline-4-carboxylie acid 
ethanol amide 

LESS EFFECTIVE 

2-Phenyl-6-aminoquinoline-4-carboxylic acid 
2-Phenylquinoline-4 , 8-dicarboxylic acid 
2-PhenyIquinoli ne-3 , 4-dicarboxylic acid 
2-(0-hydroxyphenyl)-7-methylquinoline-4- 
earboxylic acid 

2-PhenyI-S-methoxyquinoIine-4-carboxylic 

acid 

Anhydride of 2-phenyIquinoline-4-carboxylic 
acid 

2-Phenyl-3-ethylquinoline-4-carboxylic acid 
2-Phenylquinoline-4-carboxylic acid phenyl 
ester 

2-Phenylquinoline-4-carboxyl-cyclohexanol 

ester 


Halogens in the quinoline ring destroy the uricosuric effect. Alkylated cincho- 
phens have good antiphlogistic properties, but usually low uricosuric ones. 
Benzyl cinchophens are good uricosuric agents, but weak antiphlogistic ones. 
Poorly soluble cinchophens have in general weak antiphlogistic and antipyretic 
properties or none at all. 


CINCHOPHEN 


49 


Thienylquinoline carbonic acid, which was prepared to accentuate the anti- 
phlogistic and analgesic properties of cinchophen, displays marked coloring 
properties when injected into or fed to animals which assume a rather persistent 
violet red color of the skin, mucous membranes, cartilage and internal organs 
through the formation of a metabolite of unknown chemical composition. 

Meidner (232) remarked that isatophan (2-phenyl-9-methoxy-quinoline-4- 
carboxylic acid), like neocinchophen, lacks the bad taste of cinchophen. 

It may be mentioned that atophanyl is not a derivative of cinchophen, but a 
solution of sodium cinchophen, sodium salicylate and novocain (354), intended 
for intramuscular and intravenous injection. 

G. Pharmacologic Properties 
1. tmic ACID METABOLISM 

I. Urine 

The definite increase in the urinary excretion of uric acid following the ad- 
ministration of cinchophen was the reason that this chemical was introduced 
into medicine (254, 85, 382). Weintraud (382) noted that after the ingestion of 
0.25 to 0.5 gm. of cinchophen by normal individuals there developed within one 
hour a definite uricosuria which regressed to its original level within 8 hours, and 
which was followed by a reduced excretion of uric acid during the subsequent 
hours. When up to 5 gms. of the drug was given in divided doses, within 24 
hours the uric acid excretion was doubled or tripled. This increase lasted for 
24 hours and again was followed by a phase of decreased uric acid elimination 
(220). These observations were confirmed by many investigators and were 
found to apply to gouty persons who have usually an elevated uric acid level of 
the blood to an even more marked degree (191, 342, and 367), as the uricosuric 
action in gouty patients was more pronounced and more prolonged than in 
normal ones (290, 191). 

When cinchophen medication is kept up for several days the uricosuric effect 
gradually declines after haring reached its peak on the second day and returns 
after the third or fourth day of medication to its original level. After the arrest 
of the administration of cinchophen the uric acid excretion drops rapidly below 
this level and returns several days later to normal values (342). These fluctua- 
tions are observed in man receiving a purin free diet and represent the effects of 
cinchophen upon the endogenous uric acid metabolism. The uricosuric action 
of cinchophen is not the result of nor is it associated with a diuretic effect of the 
drug (342) . The uricosuric effect of cinchophen upon normal and gouty individ- 
uals kept on a purin free diet does not increase parallel with the dose of the drug 
given (290). 

It is noteworthy, however, that this specific action of cinchophen upon the 
urinary uric acid elimination is not a consistent phenomenon. After adminis- 
tering 3 gms. of cinchophen to 16 middle-aged adults with normal renal function 
who had been given a purin free diet, Grabfield and Pratt (133) found that an 
elevated elimination of uric acid occurred in only 13, while in 3 there were no 
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changes in uric acid excretion after having been on cinchophen medication for 
2 to 6 days. This observation is of clinical importance as Klem perer (196) has 
maintained that the beneficial effect of cinchophen in gout occurs even in the 
absence of an increased uricolysis, as non-uricolytic derivatives of cinchophen 
(7-methyl-ethyl ester of cinchophen, 6-amino cinchophen, cinchophen sulfonic 
acid, ethyl ester of piperonyl cinchophen) are effective in ameliorating the gouty 
manifestations. 

The uricosuric action of cinchophen extends to the exogenous uric acid me- 
tabolism as well, since uric acid introduced into the bod}^ either by the oral or 
venous route or incorporated in the food in the form of its metabolic precursor, 
nucleic acid, is excreted more rapidly under the influence of cinchophen than 
when this drug is not given (367, 112, 19, 342, 311, 369). Uric acid injected 
intravenously is as a rule completely excreted wit hin 2-4 days (298) . Weintraud 
(382) as well as Bauch (19) showed that this reaction is completed within 24 
hours, when cinchophen is given. Griesbach (143) noted that sometimes even 
more uric acid is excreted during this period than the amount administered. 
Schittenhelm and Ullmann (308) reported that the administration of alpha 
thymonucleinate and cinchophen resulted in man in only a minor increase in 
uric acid excretion, suggesting that the total nucleic acid is retained in the body. 
In subsequent experiments on patients with rheumatic polyarthritis, arthritis 
deformans, and neurasthenia, these investigators observed that the simultaneous 
introduction of nucleic acid and cinchophen caused a marked increase in the 
uric acid excretion. 

Frank and Przedborski (114), on the other hand, noted that the feeding of 
nucleic acid or hypoxanthin (0.75 gm.) and cinchophen (3 gm.) to man resulted, 
in only 50 per cent of the tested individuals, in an increased excretion (50 to 300 
per cent) of uric acid. These observations contrast with those made by Bauch 
(19) in gouty persons and by Deutsch (81) in normal ones subjected to similar 
experimental conditions. In these individuals they found a consistent increase 
in uric acid elimination. Griesbach and Sampson (145) pointed out that persons 
receiving little or no meat over long periods of time do not react noth an uricosuria 
after cinchophen medication, as their endogenous uric acid excretion represents 
the maximum values possible. Man kept on a purin free diet does not excrete 
any allantoin when given cinchophen (144). It is, therefore, unlikely that 
cinchophen has any effect upon uric acid oxidation in man. 

While a great deal of work has been done on experimental animals in studying 
the uricosuric effect of cinchophen and its underlying mechanism, there exist 
some fundamental differences in uric acid metabolism between animals and man 
which interfere with the direct application of the findings made on experimental 
animals to the reactions observed in man. In dogs the final metabolite of purin 
is allantoin, an oxidation product of uric acid. Inasmuch as uric acid excreted by 
dogs may be entirely of exogenous origin, these animals are not well suited for 
studying the uricosuric effect of cinchophen (131). Starkenstein (342) noted in 
dogs on a purin free diet that after cinchophen medication there was a decrease in 
the allantoin excretion and a simultaneous minor increase of uric acid elimination. 
He concluded from this observation that in dogs cinchophen inhibits uric acid 
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oxidation. Frommherz (119) found in two dogs after the administration of 
cinchophen an increase of allnntoin excretion, while in a third dog there was a 
marked reduction in the elimination of this substance. 

Scliittenhelm and Ullmann (308), on the other hand, did not notice any effect 
upon the allantoin content of the urine after the administration of cinchophen to 
dogs. Boenhcim (31), contending that an uricosuric effect of cinchophen in 
dogs should be manifested by an increase in allantoin excretion and a decrease of 
uric acid elimination, found that cinchosal (phenylcinchonin salicylic ethyl ester) 
reduced the excretion of uric acid and increased that of allantoin. Acetyl sali- 
cylic acid-8-oxyquinoline and oxyquinoline hydrochloride exerted a similar 
effect, but the last-mentioned chemical proved to be highly toxic. Bass (17) 
mentioned that a typical cinchophen effect was not demonstrable in dogs. Grab- 
field and Swanson (135), however, stated that dogs receiving 300 mg. of cincho- 
phen showed an increased excretion of uric acid, like man. Starkenstein (342) 
as well ns Frommherz (119) noted in purin free maintained dogs a decrease in the 
urinaiy purin content after the administration of cinchophen, which was as- 
sociated with a reduced excretion of allantoin and a throttling of the entire 
purin metabolism. 

Nagashima (248) concluded that cinchophen decreases the excretion of al- 
lantoin. Grabfield (131) observed in Dalmatian dogs, which have a metabolic 
anomaly in the form of a deficiency of the normal oxidation of uric acid and 
which, therefore, stand metabolically in this respect between man and normal 
dogs, an increased excretion of uric acid and allantoin following the adminis- 
tration of cinchophen. Grabfield (131) took this finding as additional evidence 
that cinchophen acts in the same way upon both the endogenous and exogenous 
uric acid metabolism in dogs. Frommherz (119) observed that dogs fed horse 
meat showed a doubling of allnntoin excretion after oral administration of cincho- 
phen. A similar effect with regard to allantoin excretion was elicited in dogs 
kept on a purin free diet and given cinchophen, while there was no change in the 
uric acid elimination. In subsequent experiments Frommherz (119) found 
that cinchophen decreased the allantoin excretion, thereby confirming Starken- 
stein (342). Frommherz (199) concluded from this evidence that cinchophen 
does not inhibit uric acid oxidation. 

There is no evidence in the dog that nucleic acid degradation is enhanced 
by cinchophen. Dogs and rabbits fed sodium nueleinate do not excrete more 
purin metabolites when given cinchophen, according to Starkenstein (342). 
Schroeder (311) reported that dogs given 2 gms. of cinchophen by mouth and 
injected some time later with uric acid by vein revealed a 100 per cent elevation 
in the excretion of uric acid. Chickens, which, like man, excrete uric acid as the 
metabolic end-product of purin decomposition, exhibit after cinchophen ad- 
ministration a decrease of uric acid excretion and an increase of urea elimination, 
indicating that a disturbance in uric acid synthesis is produced (342). Rabbits 
show after cinchophen medication an increase in the excretion of allantoin and 
uric acid (342, 311). Dohm (85) found the excretion of allantoin in rabbits 
reduced after cinchophen medication. , 

It is obvious that no definite conclusions can be drawn from these partly 
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contradictory observations made on experimental animals as to the uricosuric 
mechanism elicited in man by cinchophen. 

In addition to the changes in the uric acid content of the urine, the following 
effects of cinchophen upon the composition of this excretory product were ob- 
served. . Kehrer (191) maintained on the basis of insufficient evidence that the 
uricosuria after cinchophen medication is associated with a 10 per cent decrease 
in the purin bases excreted. Denis (76) noted that cinchophen has no effect 
upon creatin output. There are no changes in the phosphoric acid content of the 
urine (85, 382, 296), but the neutral sulfur fraction is increased (331), pointing 
to a reduced oxidative metabolism (342). However, Weintraud did not find 
any changes in the total sulfur excretion. 

Skorczewski (330) and Skorczewski and Sohn (331) described several color 
tests for the demonstration of one of the urinary metabolites of cinchophen, 
oxycinchophen. This has an OH group in place of an H group in the benzol 
ring. When cinchophen urine is treated with amm onium sulfate and ammonia 
is then slowly added a green color develops. Greinert (142) observed that the 
dark green color reaction elicited in the urine by the addition of ammonium 
sulfate and ammonia appears first 2 hours after the administration of cinchophen. 
The addition of phosphotungstic acid to cinchophen urine elicits the develop- 
ment of a yellow precipitate, which is soluble in alkalies. The filtrate of such 
urine gives a typical diazo reaction. This reaction decreases in intensity with 
increasing length of cinchophen medication until it finally becomes negative. 
Lichtman (214) elaborated on these observations and developed a sensitive 
quantitative colorimetric method for the estimation of 2-(ortho-hydroxy-phenyl) 
-quinoline-4-carboxylic acid (oxy-cinchophen). The test is so sensitive that it 
demonstrates the presence of this chemical in a concentration of 0.0002 per cent 
in the urine. The test is intended as a part of a liver function test in which the 
metabolization of cinchophen by the liver is measured. Greinert (142) attrib- 
uted the positive diazo reaction in cinchophen urine to the presence of a me- 
tabolite of this compound. Since the diazo reaction is generally caused 
by the presence of urochromogen beta, the diazo reaction of cinchophen 
urine is not a typical one. The ether extract of cinchophen urine gives a 
strong diazo reaction. The reaction is not interfered with by salicylates, neo- 
cinchophen and related compounds. Some cinchophen urines give a positive 
diazo reaction only after incubation for a period of 24 hours. The gradual 
disappearance of the diazo reaction following prolonged medication with cincho- 
phen indicates that the metabolization of this chemical in the body undergoes 
some radical changes (330). 

Cinchophen urine freshly voided has a citrus yellow color which turns brown 
on standing. The studies of Scheunemann (304) on the behaviour of quinolines 
in the animal body make it probable that there occur other urinary metabolites 
beside 8-oxy-2-phenylquinoline-4-carboxylic acid (85). This investigator sug- 
gested that one of these compounds is a hydroxylated substance (oxypyridi- 
nuric acid), while a third one is of unknown composition and is scarcely soluble 
in glacial acetic acid. 
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Rotter (300) extracted from human cinchophen urine a metabolite of this 
chemical, which was obtained as longitudinal, small, greenish-yellow crystals in 
brush-like arrangement, having a melting point of 232 C. It is readily soluble in 
ethyl alcohol, not in petroleum ether, slightly in benzol or water, moderately in 
ether and methyl alcohol. It is probably 2-o-oxyphenyl quinoline-4-carboxylic 
acid and is toxic to frogs. A second metabolite extracted with ether from human 
cinchophen urine which does not give a positive diazo reaction is non-toxic to 
frogs. If the urine of dogs was extracted after the administration of cinchophen, 
a brown red substance was isolated which was non-toxic to frogs, and which 
did not give a positive diazo reaction. Thus the urinary metabolites of dogs 
differ from those of man. 

There are no changes in the pH of the urine (223). The reduction test is 
rarely positive. The titrable reducing power of the urine is appreciably in- 
creased. The chemical nature of this reducing substance is unknown. Its 
reducing properties are lowered on exposure to air in the presence of a catalytic 
agent such as copper (223). 

II. Blood 

The fluctuations of the urinary content of uric acid have been correlated with 
the changes in the blood uric acid level observed after the administration of 
cinchophen. However, the observations made on this aspect were quite contra- 
dictory and unreliable, until Folin and Denis (109) developed in 1913 an accurate 
method for the determination of uric acid in the blood. 

Kelirer (191) reported an increase in the uric acid content of the blood after 
cinchophen medication (1913). Retzlaff (290) in 1914 recorded a similar re- 
action when 2 gms. of cinchophen were given to normal individuals whose uric 
acid level of the blood allegedly increased from zero before the cinchophen medi- 
cation to 1.5 to 3.8 mg. per 100 cc. after it. In gouty persons, on the other hand, 
he confirmed the previous findings of Zuelzer (403) who in 1911 reported a 
decrease of the uric acid level of the blood following the administration of cincho- 
phen. Deutscli (81) did not see any uric acid in the blood when cinchophen 
was given over prolonged periods. A reduction in the uric acid content of the 
blood following cinchophen medication to persons suffering from gout was re- 
ported in 1913 by MacLester (227), in 1912 by Dolim (85), and in the same 
year by Frank (111). Wiechowski (392) and Bass (17) in 1912, on the other 
hand, noted after cinchophen medication an increase in the uric acid level. ' The 
variations in these results are largely attributable to the use of unsuitable ana- 
lytical methods. 

Folin and Lyman (110) in 1913 found, using their own method, a decrease of 
the uric acid content of the blood in gouty persons after cinchophen medication. 
Fine and Chace (104) studying 12 normal, arthritic, or gouty persons observed 
after the administration of cinchophen a drop of the blood uric acid level from 
2.0 to 5.7 mg. per cent to 0.7 to 2.0 mg. per cent. The daily introduction of 
4 gms. of cinchophen fot 45 days did not lower the blood uric acid level below 
0.7 mg. per cent. Bass (17) who gave 1-3 gms. of cinchophen to normal men 
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and studied the blood 2-3 hours later, noted after a single dose of cinchophen 
in only one out of 6 persons a lowering of the blood uric acid content, while there 
was no change in this factor in the other 5 persons. Prolonged cinchophen 
medication, on the other hand, regularly reduced the uric acid level. Frank 
and Pietrulla (113) observed a lowering of the uric acid content of the blood in 
7 normal persons, 4 with renal disease and 2 with gout. After ceasing the cincho- 
phen medication, abnormally high uric acid values were obtained. These 
observations made on patients with renal diseases by Frank and Pietrulla are of 
interest, as Fine and Chace (104) recorded in 6 cases of nephritis treated with 
2-6 gms. of cinchophen a lessened uricosuric effect of the drug, which they attrib- 
uted to functional changes of the renal cells. Frank and Pietrulla reported, 
moreover, that there was no change in the uric acid level 30 minutes after the 
administration of cinchophen when an increase in the urinary excretion of uric 
acid was already demonstrable. The uric acid content of the blood dropped 
after 2 hours and remained low for 24 hours (113, 110). Such reductions in the 
uric acid level of the blood were observed with prolonged cinchophen medication 
only when a special purin free diet was given, as there was a rise in the uric acid 
content of the blood in persons kept on a diet containing purin (145). A re- 
duction in the uric acid content of the blood after the administration of cincho- 
phen and/or neocinchophen was reported also by Smith and Hawk (332), Myers, 
Killian and Simpson (247), Myers and Killian (246), and Denis (76). 

Contrasting observations were made by Grabfield and Pratt (133), Wolff (397), 
and Griesbach and Samson (145). Grabfield and Pratt (133) noted that only 
one out of nine persons given cinchophen showed a reduction of the blood uric 
acid level. Three hours after the medication there was even a definite rise. 
Griesbach and Samson (145) recorded a similar observation, but found that 
the primary elevation of the uric acid values was followed by a drop below the 
original level. The primary reaction of uric acid increase was more prolonged 
in persons who were not kept on a purin free diet. Griesbach and Costopana- 
giotis (144) noted that the uricosuric response was preceded by an elevation of 
the blood uric acid values. Wolff (397) found a rise in the blood uric acid content 
20 minutes after the intravenous injection of 0.5 to 2.0 cc. of a 10 per cent sodium 
cinchophen solution in patients receiving a purin free diet. The increase in 
blood uric acid and urinary uric acid after the prolonged administration of 
cinchophen ceased with the exhaustion of the tissue depots of uric acid mobilized 
under the influence of cinchophen (144). Grabfield and Pratt (133) concluded 
from the fact that there was not a constant drop of the blood uric acid content 
in the presence of a definite uricosuric effect, that cinchophen must act not only 
on the renal function but also on the tissues. Myers, Killian and Simpson (247) 
remarked that marked variations occur in different individuals in the degree of 
decrease of the blood uric acid content following the administration of cincho- 
phen. 

Correlating the total amount of uric acid present in the blood of an adult man 
with the quantity of this metabolite excreted with the urine following the ad- 
ministration of cinchophen, Graham (138) concluded that the blood does not 
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contain sufficient amounts of uric acid to account for the increased elimination 
of this substance with the urine. As the blood thus cannot be the source of the 
uric acid excreted in cinchophen uricosuria, the tissue fluids must furnish this 
material. 

Piung-IIun-Ri (2G9), using rabbits intravenously injected with Erycon (2-p- 
methoxy-phenylquinoline-4-carboxylic acid), found that the increase in the 
blood uric acid content did not go parallel with the urinary excretion of this 
metabolite. The peak of the rise in blood uric acid was seen four hours after the 
administration of the cinchophen derivative. The highest amounts of uric 
acid were present in the blood of the hepatic veins, somewhat lower ones in the 
blood of the portal vein, and the lowest values were obtained in the blood of the 
femoral veins. The discrepancies between these values were most marked 
during the period when the peak values were present. 

It is obvious that the great majority of observers found after the adminis- 
tration of cinchophen a reduction of the uric acid level in the blood of man. 
The opposing evidence provided by several investigators suggests that this 
reaction may be preceded by a brief phase during which the uric acid level of the 
blood is elevated. 

Myers and Killian (24G) found that cinchophen and neocinchophen lower also 
the chloride and urea content of the blood, while Polin and Lyman (110) noted 
that cinchophen reduces non-protein nitrogen and urea whenever these sub- 
stances occur in the blood in abnormally high amounts. Deussis (80) did not 
observe any changes in the creatin content of the blood which would have sug- 
gested a direct effect of cinchophen on the protein metabolism. Studies of 
Rawls (285) in man and of Hueper (182) in rats kept on a diet low in vitamin IC 
showed that prolonged administration of cinchophen lengthens the prothrombin 
time and thus exerts a similar effect as that of an excessive medication with 
salicylates. Johnson (187) did not notice any changes in the alkali reserve of 
the blood of cats given cinchophen. A lowering of the quotient of total calcium 
to free calcium of the serum associated with an increase of the free calcium 
fraction was reported by Herrmann (169). 

Bass (17) asserted that cinchophen given to normal men in amounts of 1-3 
gms. appears in the blood as oxycinckophen. 

III. Mechanism of Uricosuria 

The mechanism of action of cinchophen upon the uric acid metabolism has 
remained controversial and the evidence offered in support of the different 
conceptions is not infrequently contradictory. The following conceptions have 
been advanced. 

a. Effect through action upon the autonomous nervous system.. Abl (1) claimed 
that the uricosuric action of cinchophen is the result of a stimulation of the 
sympathetic nerves by direct action upon the renal cells, and not indirectly 
through the vasomotor nerves by changes in the vascular tonus of the renal 
vessels. This is opposed to the view of Myers and Killian (24G) who emphasized 
the role which the hyperemia of the glomerular capillaries might play in the 
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increased excretion of uric acid. Grabfield and Gray (132) noted in dogs with 
denervated kidneys that the uricosuric effect was lessened. These investigators 
concluded from this evidence that the real effect of cinchophen may he a de- 
creased excretion of uric acid which is secondarily overcompensated by the 
reaction of the sympathetic nervous system through the medium of a hormonal 
agent. In support of this conception Grabfield, Prescott and Swan (134) pointed 
out that sympathetic paresis brought about by the administration of ergotamin 
abolishes the uricosuric effect of cinchophen and eliminates the increase of al- 
lantoin and nitrogen excretion in dogs. They confirmed thereby Harpuder’s 
observation (157) that sympathetic paresis caused by ergotamin reduces uric 
acid excretion, while sympathetic stimulation increases it, possibly by the mobi- 
lization of uric acid depots of the tissues. Piung-Hun Pi (269), on the other 
hand, reported that the uric acid content of the blood in the hepatic and portal 
veins rises after the injection of erycon in bilaterally splanchniectomized rabbits 
for a period of 4 hours and then drops slowly. The vagus thus does not exert 
an inhibitory action upon the uricosuric effect of cinchophen, according to 
Piung-Hun Ri. 

Starkenstein (342) believed that the uricosuric action of cinchophen was 
mainly mediated by the parasympathetic nerve because' calcium salts and 
atropin counteracted the effect of cinchophen. However, atrophin has no effect 
upon the uricosuric action of cinchophen, while increasing the elimination of 
allantoin in dogs (134). Grabfield, Prescott and Swan (134) found that adren- 
ergic fibers of the kidney mediate the uricosuric effect of cinchophen, whereas 
the action on the allantoin excretion is mediated through both adrenergic and 
cholinergic fibers. Eisner (95) noted that the calcium effect is dissimilar from the 
cinchophen especially as to the antiphlogistic action of these two agents. 
Griesbach and Samson (145) stated that cinchophen uricosuria is not the result 
of a sympathetic stimulation of the intestine permitting the uric acid to enter 
the blood, as Schroeder and Raginsky (312) showed that the excretion of uric 
acid into the intestine is not affected when cinchophen or neocinchophen is 
injected together with uric acid. 

b. Effect through action upon enzymes. Kehrer (191) asserted that cinchophen 
activates the purin desamidases and xanthinoxydases and thus has a ferment 
specific effect favoring the oxidative transformation of purin bases into urichcid. 
Rosenberg (297) supported such a conception when he found that purin depots 
are mobilized in dog’s liver perfused with cinchophen solution. Retzlaff (290) 
drew similar conclusions by assuming that cinchophen degrades nucleoproteins. 
However, Dohm (85), Weintraud (382), and Starkenstein (342) did not find an 
increase in the excretion of phosphoric acid, which was postulated by Biberfeld 
(29), and which would be associated with a metabolic decomposition of nucleo- 
proteins. Fasiani (102), investigating this alleged effect of cinchophen on 
nucleoproteins, noted that the serum obtained after cinchophen administration 
has no effect upon nucleic acid, that cinchophen solution added to human serum 
containing sodium nucleinate is ineffective in causing a destruction of this chemi- 
cal, and that cinchophen does not change the nuclease activity of the serum 
of dogs. 
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Starkenstein (342), on the other hand, found that cinchophen inhibits the 
purin formation in liver pulp and thereby impairs uric acid formation. The 
activity of the uricooxidase of renal pulp, however, is not interfered with by 
cinchophen. These observations do not confirm the claim of Skorczewski (330) 
that the uricosuria is the result of a disturbance of the oxidative metabolism 
caused by cinchophen. Schittenhclm (307) declared this speculation without 
actual basis of fact and Starkenstein (342) maintained that it has been proven 
to be incorrect as to man and not convincingly shown to be valid for animals. 

Starkenstein (342) advanced the theory that cinchophen merely hastens the 
decomposition of those nucleoproteins which are already predestined to this fate, 
and that it does not favor the general degradation of purins. Schittenhelm and 
Ullmann (308) expressed a similar thought when they maintained that cincho- 
phen acts on the intermediary metabolism by mobilizing nuclein rests which 
are rapidly decomposed to uric acid. 

Related to the fermentative theories on the uricosuric action of cinchophen 
is the conception of Mendel (233) who advocated that cinchophen exerts a 
cytotoxic effect upon leucocytes, the decomposition of winch furnishes the uric 
acid for the uricosuria. This contention is based upon the incidental observation 
of Mendel (233), who found a decrease in the number of leucocytes in a leukemic 
patient after the administration of cinchophen, which was accompanied by a 
definite uricosuria. Levi (212) noted that cinchophen increased the excretion 
of uric acid in leukemics to a lesser degree than in gouty individuals. Joel (186) 
observed in leukemics only a transitory increase in uric acid elimination without 
any changes in the number of leucocytes after cinchophen administration. 
Roesler and Jarczyk (296) reported uricosuria in leukemics after medication 
with cinchophen without any curative result and without any effect, upon the 
nitrogen metabolism and number of leucocytes, and proposed that the uricosuria 
was the result of the mobilization of uric acid deposits. Schittenhelm and 
Ullman (308) obtained with cinchophen a decrease of leucocytes and a urico- 
suria in leukemic patients. Swift, Miller and Boots (359) recorded a depressing 
effect by neocinchophen upon the leucocytosis of rheumatic patients. Recent 
investigations of Hueper (182) on dogs given toxic and subtoxic doses of cincho- 
phen did not reveal any leukopenic reactions in these animals, even after the 
administration of toxic doses with this agent for a period of 24 days. Starken- 
stein (342) finally contended that the leukopenic response observed by Mendel 
(233) following the injection of leukotropin is not attributable to the cinchophen 
present in this material but to the methenamine. Inasmuch as there is no 
increase of phosphoric acid and of total sulfur in the urine (382) after the adminis- 
tration of cinchophen, there is no convincing evidence available that this chemical 
werts any direct cytotoxic effect on leucocytes or any other cells resulting in an 
increased protein metabolism, causing an increased production of uric acid (111 
250, 36). 

c. Effect by mobilization of uric arid depots. Many investigators look upon the 
uricosuria as the result of a mobilization of preformed uric acid depots (290 
145, 211, 382, 119, 25, 112, 17, 108, 149, 110, 160, 104, 113). This uricolytic 
effect, however, does not necessarily include any mobilization of the uric acid 
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present in gouty tophi (227). Supporting this assumption is an experimental 
observation of Sehroeder (311) who noted that the kidneys of eats intravenously 
injected with atophanyl and uric acid contained about l/7th as much uric acid 
as the kidneys of cats which received uric acid only. It was concluded from 
this evidence that cinchophen mobilizes the excessive amounts of uric acid 
stored in the kidney of gouty persons (108). Stem (348) proposed that cincho- 
phen enhances the solubility of uric acid in watery mediums by forming ap- 
parently a einchophen-uric acid complex possessing increasing hydrotropic 
properties. This concept deserves consideration as the changes in the uric acid 
content of the blood following the administration of cinchophen do not favor an 
excretory mechanism based upon an excess of uric acid in the blood resulting 
from mobilized tissue uric acid. 

d. Effect by increased 'permeability of the kidney. A direct effect of cinchophen 
upon the permeability of the kidney to uric acid causing an overflow of uric acid 
from the blood and the tissues into the urine was proposed by Starkenstein (342) 
Sehroeder (311) MacLester (227) Folin and Lyman (110) Fine and Chace (104) 
Daniels (71) Weintraud (382) Tannhauser (362) Steinitz (346) and others. 
There is little direct evidence supporting this view. Frank (111) and Furth 
and Scholl (122) found that cinchophen hastens the diffusion of dyes into gels. 
Faludi (100), on the other hand, noted that cinchophen does not change the 
velocity of ultrafiltration of serum and plasma through membranes. Goldwasser 
(130) noted that cinchophen has a depressing effect upon the amount of surface 
active substances in the urine, because cinchophen impairs the purin metabolism 
of the body. Urinary surface active substances, on the other hand, are increased 
after the administration of purin bodies. 

From the evidence presented it appears that the uricosuric action of cincho- 
phen is a rather complex phenomenon to which several factors may contribute. 
It is likely that a combination of autonomic and central nervous stimuli and a 
direct effect upon the permeability of the kidney are involved in the production 
of the uricosuric action of cinchophen. 

2. WATER AND SUGAR METABOLISM 

Georgiewsky (125) claimed that cinchophen possesses diuretic qualities; how- 
ever, Starkenstein (342) pointed out that cinchophen does not initiate diuresis, 
but only accentuates one induced by the administration of water or salt solution 
given orally or intravenously to man or rabbits, or of diuretics, such as potassium 
acetate and theobromine. This diuretic effect apparently is due to the removal 
of an inhibitory renal factor related to the sympathetic nervous system, but not 
to the stimulation of the secretion of water. The diuretic action of adrenalin 
is greatly accentuated by cinchophen, while the glycosuria caused by adrenalin 
is not affected by cinchophen. 

Cinchophen, on the other hand, inhibits the central glycosuria resulting from 
piqfire or suffocation. Pancreatogenic glycosuria, on the other band, remains 
unchanged by cinchophen. There were no changes in the blood sugar level o 
dogs which received toxic doses of cinchophen (182). 
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The removal o£ fluorescein from the blood into the tissues is speeded up by 
cinchophen and thus its renal excretion is delayed. 

3. GASTROINTESTINAL TRACT 

Quantitative investigations in the absorption of cinchophen given orally to 
man do not exist (154). Some information in this matter, however, is available . 
in regard to neocinchophen. Barbour and Lozinsky (11) did not recover from 
the fcccs of dogs and one man any neocinchophen when doses of 0.3 to 0.5 gm./ 
kg. wore given, indicating that the chemical was completely absorbed. When 
9 gms./kg. of neocinchophen were given, however, only 2.7 gms./kg. were ab- 
sorbed; the balance was found in the feces. Hanzlik (154) concluded from this 
evidence that the maximum limit of absorption is identical with the maximum 
therapeutic dose. Fuerth and Kuh (121) pointed out that neocinchophen, 
because it is lipoid soluble, is absorbed through the intestinal wall with the fatty 
parts of the food. Employing dogs, one set of which received 2.0-12.0 gms. of 
neocinchophen with their daily food for a period of 5 days, while the second set 
was given 2.5 to 7.5 gms. of cinchophen daily for 2 to 4 days, Fuerth and Kuh 
(121) found that the intestinal absorption of both compounds was of about the 
same order. Three men who ingested 20 times 0.33 gm. of neocinchophen in 
3.5 days (total G.G gms.), 4 times 0.5 gm. to 3.0 gms. in 3 days (total G gms.), 
and 5.5 gms. in 3 days, respectively, showed practically complete intestinal 
absorption of the drug (98-100 per cent). Fuerth and Kuh (121) concluded 
from these investigations that the effective doses of cinchophen and neocincho- 
phen follow a ratio of 1:1.4. 

Stalker, Bollman and Mann (341) studied the effect of cinchophen on the 
gastric secretion of dogs using gastric pouches for obtaining gastric juice. When 
0.25 to 2 gms. of cinchophen were given daily by mouth for 11 days there was no 
change in gastric acidity, but there was a prolonged secretory curve for from 
30 to GO minutes. This reaction stopped when cinchophen medication was 
discontinued. An increase in the volume of gastric secretion developed with 
continued medication, but decreased after the appearance of anatomical mucosal 
lesions. Tlius, cinchophen, like many other toxins, first stimulates and then 
depresses gastric function. With smalt doses there is a continuous hyper- 
secretion, while with large doses this stage is followed by a reduction in the 
volume of secretion. 

Abl (1) tried to explain the cinchophen action by a paresis of the splanchnic 
nerve and a stimulation of the intestinal glands. In checking this Schroeder 
and Raginsky (312) injected cats intravenously with uric acid and then gave 
cinchophen orally so as to determine the amounts of uric acid appearing in the 
different parts of the gastrointestinal tract. There were traces in the stomach, 
definite amounts in the duodenum, jujunum and ileum, and less in the colon! 
As cats given uric acid showed the same secretory effects, it appeared that cincho! 
plien had no action of the sort suggested by Abl (1). 

Starkcnstein (342) applied directly to the isolated intestine of rabbits and 
guinea pigs sodium cinchophen (0.4 cc. of a 10 per cent, sol.) and leukotropin 
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(0.3 cc. of a 40% mixture containing 0.5 gm. of cinchophen and 1.5 gm. of me- 
thenamine in 5 cc.) and observed an immediate, fleeting and moderate stimu- 
lation followed by depression and paralysis. He concluded from this evidence 
that the intestinal stimulation seen in vivo could not be due to a stimulation of 
the vagus nerve. Ullmann (368), who applied the same solution to guinea pigs’ 
intestine, noted a parasympathetic stimulation (increased tonus and peristalsis, 
'"antagonism to atropin), which he interpreted as evidence of a vagus shock. 

Taubmann (364) found, while studying fat digestion in dogs fed olive oil, 
that after the intravenous administration of cinchophen the excreted bile con- 
taining cinchophen has a reduced activating effect upon the intestinal lipase 
when compared with normal bile. Cinchophen bile was found, moreover, to be 
inferior to normal bile in its emulsifying properties. Cinchophen bile slightly 
inhibits diastase but does not affect trypsin activity. 

4. KID NET 

Cinchophen administered in full therapeutic dose caused a diminution of the 
excretion of phenolsulphonphthalein in all of 5 men tested, whereas neocincho- 
phen exerted such an action in only 50 per cent of 9 cases, when this effect was 
associated with albuminuria, according, to Hanzlik, Scott, Weidenthal, and 
Fetterman (154). Eisner (95) contended that the excretion of sodium chloride 
and total nitrogen was reduced in eight patients given cinchophen. The ap- 
pearance of albumin, leucocytes and casts in the urine of patients given large 
amounts of cinchophen (4-19 gms.) and neocinchophen (5-26 gms.) was re- 
ported by Hanzlik, Scott, Weidenthal and Fetterman (155). However, this 
is not a consistent finding, as Barbour, Lozinsky and Clement (12) did not ob- 
serve such reactions in 19 patients who received 16 gms. of neocinchophen. 
Whenever such reactions occur, they represent toxic effects of cinchophen upon 
the renal parenchyma. 

5. DIVER 

Studying the metabolic effect of cinchophen upon the liver Lutwak-Mann 
(223) subjected slices, pulp and extract of rat liver to cinchophen solution of 
various concentrations. He found that concentrations as low as M/50 re- 
stricted the uptake of oxygen by liver tissue. The anaerobic acid production 
was dimi nished with concentrations of M/20. Rat liver did not show any 
ability to form conjugates with glucuronic acid. The respiration of liver slices 
taken from rats which had ingested 20-40 mg./kg. of cinchophen with their 
daily food was not affected. There was, moreover, no change in the dismutation 
of hexose-diphosphate-and pyruvate of the muscle tissue of these rats. But 
the glycogen content of the liver was remarkably lowered. Cinchophen affecte 
also the activity of indolphenol oxidase, of certain dehydrogenases and of glucose 

fermentation of yeast.- _ 

Mention has already been made of the observation of Rosenberg ( t)> v ~ 0 

found that cinchophen perfused through the liver of dogs mobilized purms, 
while Starkenstein noted that cinchophen inhibited the purin formation m liver 

pulp. 
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Tuo pharmacological effects of cinchophen on the liver have obtained some 
passing practical significance in medicine, i. e., the choleretic action and the 
metaholization of cinchophen in the liver. 

Bnsgsch (45) and Horsters (179) observed that cinchophen given to man and 
to dogs -with a bile fistula increased the secretion of bile up to 100 per cent within 
24 hours. The dry residue was doubled, but the bile pigments were increased 
only by 35 per cent, while the alcohol precipitable and acetic acid precipitable 
fractions were reduced. The peak of increased bile production was observed 
3 to 4 hours following the intravenous injection of sodium cinchophen. When 
larger amounts of cinchophen were given there resulted a considerable decrease 
in the total amount oi bile secreted which was associated with a reduction in the 
dry residue, the bile pigments and the alcohol and acetic acid precipitable frac- 
tions. 

While the water content of the bile at the time was increased, the amount of 
bile acids, its specific gravity, its viscosity and its pH were lowered. Brugsch 
(45) and Horsters (179) attributed the choleretic effect to a direct stimulation 
of the functional activity of the liver cells by cinchophen. Inasmuch as the 
choleretic effect was absent in dogs with severe liver damage, Brugsch (45) and 
Hdrsters (179) proposed to use this hepatic reaction of cinchophen in a liver 
function test, and to employ a preparation composed of cinchophen and bile 
acids (clioleretin) for the treatment of jaundice and similar hepatic conditions 
in which a choleretic effect seemed to be desirable. 

Grunenberg and Tillman (148) confirmed these findings in man, recovering the 
bile by a duodenal tube and using sodium cinchophen (ikterosan) as the choleretic 
agent. Henius (107) reported the expulsion of a hazelnut sized gall stone after 
the intravenous injection of this drug. Teschenberg and Hoffman (365) re- 
corded that atophanyl given orally was choleretically more effective than 
ikterosan administered intravenously. Horsters (179) noted that there existed 
a parallelism between the choleretic and uricosuric action of the various cincho- 
phen derivatives tested. Schaffler (302) reported that even small doses of 
intravenously administered sodium cinchophen increased the bile production 5 
to 6 fold within 6 hours and that the oral medication gave less satisfactory re- 
sults than the parenteral one. He observed, moreover, that in jaundiced pa- 
tients given cinchophen there occurred an increase in the serum bilirubin level, 
which Franke (115) noted even after therapeutic doses to persons with normal 
livers. Kurti (205) mentioned that cinchophen elicits, in addition to the chole- 
retic effect, an augmented elimination (30-50 per cent above normal) of uric 
acid and cinchophen in the bile in patients with renal diseases. Chiray et al. 
(60) reported that sodium cinchophen intravenously injected into normal in- 
dividuals markedly stimulates the pigmentary function of the liver cells, while 
it lowers this hepatic activity in patients with degenerative liver diseases. 

Lichtman (214) found that diseased liver cells have a lowered capacity to 
metabolize cinchophen beyond the stage of oxycinchophen. He used this fact 
in the development of his liver function test previously mentioned. Following 
the ingestion of a standard dose of 0.45 gm. of cinchophen the amount of oxy- 
cinchophen excreted in 24 hour urine was determined. Normal persons excrete 
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from 30-100 mg. of oxycinchophen or 7 to 21 per cent of the administered dose, 
patients with moderate to mild local liver damage (biliary obstruction, meta- 
static carcinoma, cirrhosis, catarrhal jaundice) excrete between 100 and 200 
mg. of oxycinchophen, while patients with diffuse hepatic degenerations (acute 
yellow atrophy, carcinoma of the pancreas) show excretory values above 200 mg. 

The choleretic effect of cinchophen in man and in dogs was demonstrated 
also by Bradley and Ivy (38); Chabrol and Maximin (56); Annegers, Snapp, 
Ivy and Atkinson (5) ; Steinmetzer (347) ; Berman, Snapp, Atkinson and Ivy (28); 
Brugsch (45); Stransky (351); Spurling and Hartman (338); Steinberg (345); 
Franke (115); and Faludi (100). Several of these investigators showed that 
large doses or repeated small doses of cinchophen inhibit the secretion of bile 
in dogs, cats and rabbits (115, 100, 345). Winogradow (395) brought out the 
fact that this reaction resembles that seen in chloroform poisoning, which be- 
comes apparent long before the narcotic action of chloroform. Stransky (351) 
pointed out that numerous, but not all, narcotic agents, including cinchophen, 
increase the bile flow in dogs and that all of them are injurious to the liver. The 
choleretic effect is, in his opinion, a manifestation of liver injury or of toxic 
irritation to the liver cells which is followed, when excessive doses are given, by a 
functional paresis. While Kalk (190) considered cinchophen and its derivatives 
not only a choleretic but also a hepatotoxin when used in diseases of the liver or 
the bile ducts, Franke (115) felt that such a combined action might be exerted 
even by therapeutic doses of cinchophen. The first sign of an impaired liver 
function caused by cinchophen is a reduction of the amount of bile pigments 
excreted, according to Franke (115). Rabbits appear to be especially sensitive 
in this respect, as Stransky (351); Berman and Ivy (27); Steinberg (345), and , 
Franke (115) observed either no choleretic effect of cinchophen in these animals 
or only a minor and fleeting one, even when small doses of the drug were given. 

Ivy and his coworkers (4, 5, 6, 27, 28) have studied extensively the effect of 
cinchophen on bile production and other hepatic functions in dogs. Using 
anesthetized dogs and dogs with chronic bile fistulas, which received by vein 
50 mg./kg. of sodium cinchophen, Bradley and Ivy (38) determined the amounts 
of cinchophen, bile pigments, cholic acid and cholesterol excreted with the bile. 
The anesthetized dogs showed during the first hour after the cinchophen ad- 
ministration a choleresis associated with an increase of bile pigments, cholic 
acid and cholesterol. With continued choleresis a depression of the cholic acid 
output occurred. The peak of choleresis was during the second hour. The 
bile collected during 5 hours contained 97.8 mg. of cinchophen or 20 per cent of 
the intravenously injected 505 mg. 

Biliary fistula dogs receiving a daily toxic dose of 100 mg./kg. of cinchophen 
with their meals showed a daily recovery of cinchophen in the bile ranging from 
28 per cent to 78 per cent (average 55 per cent). The cholic acid synthesis 
was finally depressed, but this effect might have been due to the anorexia an 

vomiting existing at that phase of the experiment. 

Berman, Snapp, Atkinson and Ivy (28) fed several chronic biliary nstu a 
dogs a daily dose of 0.5 gm. of cinchophen for 3, 14 and 33 days, respective y- 
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There developed a marked hydrocholcrcsis, with no changes in the cholic acid 
and total bile pigment output, and an increased cholesterol excretion. Sixty 
to seventy-five per cent of the ingested cinchophen was recovered from the bile. 
In subsequent studies Annegers, Snapp, Ivy and Atkinson (5) gave to dogs 1 
and 4 times the dose of cinchophen recommended for the treatment of gout and 
failed to cause any disturbances in the liver function demonstrable with ordinary 
methods. There was a marked temporary depression of synthesis of cholic 
acid, a reaction which, however, was completely suppressed when anorexia 
and other objective gastrointestinal symptoms were absent. Most of the dogs 
recovered from this depression with continued medication of cinchophen. 

On a gram-weight basis cinchophen increased bile flow three times as effec- 
tively as deliydrocholic acid. Cinchophen did not, however, improve or ag- 
gravate the hepatitis present in one of the dogs. The liver of the dog, but not 
that of the rabbit, appears to be especially concerned with the excretion of cin- 
chophen in the bile, in the opinion of Ivy and Ins coworkers (4, 5, 6, 27, 28, 38). 

Berman, Snapp, Atkinson and Ivy (28) suggested that the ease of solubility of 
cinchophen in bile and its osmotic activity therein are important factors con- 
tributing to the hydrocholeresis produced in the dog. Faludi (100) stated that 
cinchophen must act directly on the liver cells as the ultrafiltration speed of 
plasma and serum are not influenced by cinchophen and bile acids. Faludi (100) 
noted that the choleretic effect of cinchophen is accompanied by a decrease in the 
refractive value of the blood indicating a hydremia. As cinchophen and/or neo- 
cinchophen hastens the excretion of eosin and sodium tetra-iodophenolphthalein 
with the bile, Franke (115) proposed that cinchophen causes an acceleration of 
the cellular diffusion. 

The last mentioned observation concerning sodium-tetra-iodophenolphthalein 
led to the suggestion to administer cinchophen together with this contrast agent 
so as to obtain a quicker filling of the gallbladder for roentgenographic studies. 
Pribram (276); and Einhom and Stewart (94) recommended the use of Biloptin 
(diiodocinchophen) for this purpose. The preparation was successfully used 
for some time until toxic reactions forced its withdrawal. 

6. SKIN' 

Oeller (255) noted that patients treated with cinchophen developed an oily 
skin giving off a peculiar odor that is similar to that possessed by cinchophen, 
yet no cinchophen was found in the sweat. Neocinchophen is less likely to 
produce diaphoresis than aspirin. 

7. NERVOUS SYSTEM 

In the discussion of the mechanism involved in the production of uricosuria 
reference was made to the effects of cinchophen upon the autonomic nervous 
system, associated with this manifestation. Additional data on the autonomic 
nervous tissue effects were furnished in connection with the presentation of the 
reactions of cinchophen upon the gastrointestinal tract. 

Starkenstein (342) suggested that the inhibition of central glycosuria and the 



64 


W. C. HTJEPER 


decrease of the suffocation reaction caused by cinchophen was due to an im- 
paired reaction to central vagus stimulation, while other reactions to cinchophen 
pointed to a paresis of the sympathetic nerves (Wiechowski and Starkenstein 
(392); Abl (1)). 

Ullmann (368) obtained in the isolated frog’s heart perfused with leukotropin 
a slowing of the heart beat, and a diminished systole. He attributed this effect 
to a stimulation of the peripheral vagus. Similar changes were produced by 
Starkenstein, Salus and Wiechowski (343) in rabbits intravenously injected with 
sodium cinchophen. However, Rotter (300) claimed that cinchophen elicits a 
paresis of the cardiac nerves with a stoppage of the heart in systole, thereby con- 
tradicting Starkenstein (342) and Ullman (368). It is possible that the pH of 
the perfusion fluid which is shifted to the acid side by cinchophen exerts a de fini te 
influence upon the alleged reactivity of the heart to cinchophen. Hydroatophan 
does not affect the isolated frog’s heart; it elicits, however, intense spinal and 
peripheral stimulation resulting in tetanus and fibrillar contractions, which be- 
come manifest upon contact and which are relatively prolonged. 

Starkenstein (342) found after large doses of cinchophen given to rabbits a 
decrease of blood pressure with preservation of splanchnic irritability. Cincho- 
phen apparently produces in rabbits first a stimulation of the vasomotor and 
vagus centers which is followed by a paresis. Ikeda (1831 did not observe any 
depression of the capillary circulation in the frog’s mesentery after the adminis- 
trtion of cinchophen. Stake (340) noted that cinchophen accentuates the effect 
of adrenalin upon the uterus. 

Rotter (300) found in frogs weighing 34 grams and given 0.01 gm. of cincho- 
phen general depression follov'ed by a period of increased reflex irritability. Ull- 
mann (368), using leukotropin, also noted a depression and, with the intravenous 
injection of cinchophen, a miosis. Starkenstein (342) made the same observa- 
tion as to miosis and obtained this effect also in the atropinized eye. 

Through action on the cerebral center of heat regulation causing a lowering 
of its excitabilit} r cinchophen exerts an antipyretic effect which can be elicited 
even in normal animals (342, 120). Starkenstein (342) did not succeed in lower- 
ing the temperature of decerebrated rabbits and of rabbits kept in a warmed 
box. The antipyretic effect of cinchophen, however, became readily apparent 
in these Avarmed animals when they were removed from the warmed box. This 
observation provided, according to Starkenstein (342), additional evidence as to 
the central action of cinchophen upon heat control. Dittrich (83) as well as Hesse 
(171) obtained a severe and sometimes fatal lowering of the temperature of rabbits 
when cyanamide medication was combined with that of cinchophen. It is im- 
portant to note that the antipyretic effect of cinchophen was demonstrable in 
normal animals (rabbits, dogs) only vdien the drug was given intravenously or 
subcutaneous^, but not when it was administered by mouth. Hyperthermia 
caused by an injury to the heat center v r as mitigated by cinchophen (368). 
Barbour and Lozinskj r (11), using dogs made febrile by the injection of typhoi. , 
paratyphoid or B. coli vaccines, found that the ratio of the minimal antipyretic 
dose to the minimal lethal dose Avas 1 : 150 for neocinchophen and 1 : 163 for cin- 
■chophen. Barbour and Winter (13) noted that the combination of magnesium 
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chloride with cinchophen accentuated the antipyretic effect of the latter in 
febrile rabbits and dogs. However, the value of this evidence is impaired by 
the fact that the febrile reactions elicited by vaccines are variable (154), and 
that the determination of the minimal lethal dose in dogs is made difficult by 
the great variations in the individual susceptibility of different dogs to cincho- 
phen. Hanzlik, Scott, Weidenthal and Fetterman (155) found neocinchophen a 
poor antipyretic in rheumatics. Lacqer and Magnus (206) produced in cats a 
hypnotic state lasting for several days and accompanied by a lowered body 
temperature. 

Zimmer (402) using cinchophen related its antipyretic action to a retention 
of water in the blood caused by an increased capillary permeability. Barbour 
and Fisk (9) attributed the antipyretic effect and the dilution of the blood to 
the accompanying hyperglycemia. Starkenstein and Wiechowski (392) sug- 
gested that a part of the antipyretic effect was due to peripheral vasodilatation. 

Cinchophen does not act upon the peripheral nerve structure and does not 
causo any local anesthesia (154). The analgesic effect is central, according to 
Hanzlik (154). Hesse (171) observed that cinchophen and its derivatives have 
no analgesic effect in normal tissue as there is no amelioration of the pain sensa- 
tion in mice given cinchophen when the root of the tail is clamped with a forceps. 
Tinnitus aurium and other symptoms of the auditory organs occur in 65 per 
cent of the patients treated with cinchophen, but in only 20 per cent of those 
receiving neocinchophen (155). Cinchophen causes in rabbits, but not in cats 
and dogs, a lowering of the respiratory rate through action upon the respiratory 
center (154). This effect is not influenced by atropin and vagus innervation. 

Pollok, Finkelman and Tigay (273) found that the depressant central effect 
produced by moderate doses of cinchophen in rabbits lowers the convulsant 
action of minimal convulsant doses of metrazol, but not that of thujone, picro- 
toxine and alternating current. These investigators suggested that cinchophen 
perhaps detoxicates metrazol. Such a mechanism may be possible as cincho- 
phen counteracts the muscular action of veratrin by forming a complex with 
this agent. 


8. ANTIPHLOGISTIC ACTION 

The antiphlogistic action of cinchophen attracted early clinical attention. 
The rapid disappearance of the inflammatory signs (redness, swelling, hydrops, 
pressure pain) of gouty joints was reported by many investigators (382, 342, 91, 
190, 343, 154, 1C3, 233, 368). Similar observations were made in connection 
with many other inflammatory conditions (arthritis, bronchitis, neuritis, iritis, 
laryngitis, scleritis, sympathetic ophthalmia) treated with cinchophen (319, 332* 
195, 8, 41, 230), where a prompt subsiding of pain, a reduction of passive conges- 
tion, and a resorption of inflammatory exudation was noted. 

Starkenstein (342) found that cinchophen intravenously or subcutaneously 
injected, but not uhen orally given or locally applied, prevents the mustard oil 
chemosis of the rabbit’s eye. Dohm (85); Lacqer and Magnus (206); and 
Wiechowski and Starkenstein (392), confirmed this observation, which Lacqer 
and Magnus (206) could not, however, substantiate in cats. Schikorr (305), on 
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decrease of the suffocation reaction caused by cinchophen .was due to an im- 
paired reaction to central vagus stimulation, while other reactions to cinchophen 

pointed to a paresis of the sympathetic nerves (Wiechowski and Starkenstein 
(392); Abl (1)). 

Ullmann (368) obtained in the isolated frog’s heart perfused with leukotropin 
a slowing of the heart beat, and a di m inished systole. He attributed this effect 
to a stimulation of the peripheral vagus. Similar changes were produced by 
Starkenstein, Salus and Wiechowski (343) in rabbits intravenously injected with 
sodium cinchophen. However, Rotter (300) claimed that cinchophen elicits a 
paresis of the cardiac nerves with a stoppage of the heart in systole, thereby con- 
tradicting Starkenstein (342) and Ullman (368). It is possible that the pH of 
the perfusion fluid which is shifted to the acid side by cinchophen exerts a definite 
influence upon the alleged reactivity of the heart to cinchophen. Hydroatophan 
does not affect the isolated frog's heart; it elicits, however, intense spinal and 
peripheral stimulation resulting in tetanus and fibrillar contractions, which be- 
come manifest upon contact and which are relatively prolonged. 

Starkenstein (342) found after large doses of cinchophen given to rabbits a 
decrease of blood pressure with preservation of splanchnic irritability. Cincho- 
phen apparently produces in rabbits first a stimulation of the vasomotor and 
vagus centers which is followed by a paresis. Ikeda (183) did not observe any 
depression of the capillary circulation in the frog’s mesentery after the adminis- 
trtion of cinchophen. Stake (340) noted that cinchophen accentuates the effect 
of adrenalin upon the uterus. 

Rotter (300) found in frogs weighing 34 grams and given 0.01 gm. of cincho- 
phen general depression followed by a period of increased reflex irritability. Ull- 
mann (368), using leukotropin, also noted a depression and, with the intravenous 
injection of cinchophen, a miosis. Starkenstein (342) made the same observa- 
tion as to miosis and obtained this effect also in the atropinized eye. 

Through action on the cerebral center of heat regulation causing a lowering 
of its excitability cinchophen exerts an antipyretic effect which can be elicited 
even in normal animals (342, 120). Starkenstein (342) did not succeed in lower- 
ing the temperature of decerebrated rabbits and of rabbits kept in a warmed 
box. The antipyretic effect of cinchophen, however, became readily apparent 
in these warmed animals when they were removed from the warmed box. This 
•observation provided, according to Starkenstein (342), additional evidence as to 
the central action of cinchophen upon heat control. Dittrich (83) as well as Hesse 
(171) obtained a severe and sometimes fatal lowering of the temperature of rabbits 
when cyanamide medication was combined with that of cinchophen. It is im- 
portant to note that the antipyretic effect of cinchophen was demonstrable in 
normal animals (rabbits, dogs) only when the drug was given intravenously or 
subcutaneously, but not when it was administered by mouth. Hyperthermia 
caused by an injury to the heat center was mitigated by cinchophen (3G8). 
Barbour and Lozinsky (11), using dogs made febrile by the injection of typhoi , 
paratyphoid or B. coli vaccines, found that the ratio of the minimal antipyretic 
dose to the minimal lethal dose was 1:150 for neocinchophen and 1:163 for cin 
■chophen. Barbour and Winter (13) noted that the combination of magnesium 
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chloride with cinchophen accentuated the antipyretic effect of the latter in 
febrile rabbits and dogs. However, the value of this evidence is impaired by 
the fact that tho febrile reactions elicited by vaccines are variable (154), and 
that the determination of the minimal lethal dose in dogs is made difficult by 
the great variations in tho individual susceptibility of different dogs to cincho- 
phoi. Hanzlik, Scott, Weidenthal and Fetterman (155) found neocinchophen a 
poor antipyretic in rheumatics. Lacqer and Magnus (20G) produced in cats a 
hypnotic state lasting for several days and accompanied by a lowered body 
temperature. 

Zimmer (402) using cinchophen related its antipyretic action to a retention 
of water in the blood caused by an increased capillary permeability. Barbour 
and Fisk (9) attributed the antipyretic effect and the dilution of the blood to 
the accompanying hyperglycemia. Starkenstein and Wicchowski (392) sug- 
gested that a part of the antipyretic effect was due to peripheral vasodilatation. 

Cinchophen docs not act upon the peripheral nerve structure and does not 
cause any local anesthesia (154). The analgesic effect is central, according to 
Hanzlik (151). Hesse (171) observed that cinchophen and its derivatives have 
no analgesic effect in normal tissue as there is no amelioration of the pain sensa- 
tion in mice given cinchophen when tho root of the tail is clamped with a forceps. 
Tinnitus aurium and other symptoms of the auditory organs occur in 65 per 
cent of the patients treated with cinchophen, but in only 20 per cent of those 
receiving neocinchophen (155). Cinchophen causes in rabbits, but not in cats 
and dogs, a lowering of tho respiratory rate through action upon the respiratory 
center (154). This effect is not influenced by atropin and vagus innervation. 

Pollok, Finkelman and Tigay (273) found that the depressant central effect 
produced by moderate doses of cinchophen in rabbits lowers the convulsant 
action' of minimal convulsant doses of metrazol, but not that of thujone, picro- 
toxine and alternating current. These investigators suggested that cinchophen 
perhaps detoxicates metrazol. Such a mechanism may be possible as cincho- 
phen counteracts the muscular action of veratrin by forming a complex with 
this agent. 


8. ANTIPHLOGISTIC ACTION 

The antiphlogistic action of cinchophen attracted early clinical attention. 
The rapid disappearance of the inflammatory signs (redness, swelling, hydrops, 
pressure pain) of gouty joints was reported by many investigators (382, 342, 91, 
196, 343, 154, 163, 233, 368). Similar observations were made in connection 
with many other inflammatory conditions (arthritis, bronchitis, neuritis, iritis, 
laryngitis, scleritis, sympathetic ophthalmia) treated with cinchophen (319, 332, 
195, 8, 41, 230), where a prompt subsiding of pain, a reduction of passive conges- 
tion, and a resorption of inflammatory exudation was noted. 

Starkenstein (342) found that cinchophen intravenously or subcutaneously 
injected, but not when orally given or locally applied, prevents the mustard oil 
chemosis of the rabbit’s eye. Dohm (85); Lacqer and Magnus (206); and 
" ‘cchowski and Starkenstein (392), confirmed this observation, which Lacqer 
and Magnus (206) could not, however, substantiate in cats. Schikorr.(305), on 
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decrease of the suffocation reaction caused by cinchophen was due to on im- 
paired reaction to central v'agus stimulation, while other reactions to cinchophen 
a. paresis of the sympathetic nerves (Wiechowskiand Starkenstein 


Ullmann (368) obtained in the isolated frog’s heart perfused with leukotropin 
a slowing of the heart beat, and a diminished systole. He attributed this effect 
to a stimulation of the peripheral vagus. Similar changes were produced by 
Starlcenstein, Salus and Wieehowski (343) in rabbits intravenously injected with 
sodium cinchophen. However, Rotter (300) claimed that cinchophen elicits a 
paresis of the cardiac nerves with a stoppage of the heart in systole, thereby con- 
tradicting Starkenstein (342) and Ullman (368). It is possible that the pH of 
the perfusion fluid which is shifted to the acid side by cinchophen exerts a definite 
influence upon the alleged reactivity of the heart to cinchophen. Hydroatophan 
does not affect the isolated frog’s heart; it elicits, however, intense spinal and 
peripheral stimulation resulting in tetanus and fibrillar contractions, which be- 
come manifest upon contact and which are relatively prolonged. 

Starkenstein (342) found after large doses of cinchophen given to rabbits a 
decrease of blood pressure with preservation of splanchnic irritability. Cincho- 
phen apparently produces in rabbits first a stimulation of the vasomotor and 
vagus centers which is followed by a paresis. Ikeda (1831 did not observe any 
depression of the capillary circulation in the frog’s mesentery after the adminis- 
trtion of cinchophen. Stake (340) noted that cinchophen accentuates the effect 
of adrenalin upon the uterus. 

Rotter (300) found in frogs weighing 34 grams and given 0.01 gm. of cincho- 
phen general depression followed by a period of increased reflex irritability. TJ11- 
mann (368), using leukotropin, also noted a depression and, with the intravenous 
injection of cinchophen, a miosis. Starkenstein (342) made the same observa- 
tion as to miosis and obtained this effect also in the atropinized eye. 

Through action on the cerebral center of heat regulation causing a lowering 
of its excitability cinchophen exerts an antipyretic effect which can be elicited 
even in normal animals (342, 120). Starkenstein (342) did not succeed in lower- 
ing the temperature of decerebrated rabbits and of rabbits kept in a warmed 
box. The antipyretic effect of cinchophen, however, became readily apparent 
in these warmed animals when they were removed from the warmed box. Tins 
■observation provided, according to Starkenstein (342), additional evidence as to 
the central action of cinchophen upon heat control. Dittrich (83) as well as Hesse 
{171) obtained a severe and sometimes fatal lowering of the temperature of rabbits 
when cyanamide medication was combined with that of cinchophen. It is im- 
portant to note that the antipyretic effect of cinchophen was demonstrable in 
normal animals (rabbits, dogs) only when the drug was given intravenously or 
subcutaneously, but not when it was administered by mouth. Hyperthermia 
caused by an injury to the heat center was mitigated by cinchophen (368). 
Barbour and Lozinsky (11), using dogs made febrile by the injection of typhoi^ , 
paratyphoid or B. coli vaccines, found that the ratio of the minimal antipyretic 
dose to the minimal lethal dose was 1 : 150 for neocinchophen and 1:163 for cm 
fihophen. Barbour and Winter (13) noted that the combination of magnesium 
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chloride "with cincbophen accentuated the antipyretic effect of the latter in 
febrile rabbits and dogs. However, the valuo of this evidence is impaired by 
the fact that the febrile reactions elicited by vaccines are variable (154), and 
that the determination of the minimal lethal dose in dogs is made difficult by 
the great variations in the individual susceptibility of different dogs to cincho- 
phon. Hanzlik, Scott, Weidenthal and Fetterman (155) found neocinchophen a 
poor antipyretic in rheumatics. Lacqer and Magnus (206) produced in cats a 
hypnotic state lasting for several days and accompanied by a lowered body 
temperature. 

Zimmer (402) using cinchophen related its antipyretic action to a retention 
of water in the blood caused by an increased capillary permeability. Barbour 
and Fisk (9) attributed the antipyretic effect and the dilution of the blood to 
the accompanying hyperglycemia. Starkenstein and Wiechowski (392) sug- 
gested that a part of the antipyretic effect was due to peripheral vasodilatation. 

Cinchophen does not act upon the peripheral nerve structure and does not 
cause any local anesthesia (154). The analgesic effect is central, according to 
Hanzlik (154). Ilcsse (171) observed that cinchophen and its derivatives have 
no analgesic effect in normal tissue as there is no amelioration of the pain sensa- 
tion in mice given cinchophen when the root of the tail is clamped with a forceps. 
Tinnitus aurium and other symptoms of the auditory organs occur in 65 per 
cent of the patients treated with cinchophen, but in only 20 per cent of those 
receiving neocinchophen (155). Cinchophen causes in rabbits, but not in cats 
and dogs, a lowering of the respiratory rate through action upon the respiratory 
center (154). This effect is not influenced by atropin and vagus innervation. 

Pollok, Finkelmnn and Tigay (273) found that the depressant central effect 
produced by moderate doses of cinchophen in rabbits lowers the convulsant 
action' of minimal convulsant doses of metrazol, but not that of thujone, picro- 
toxine and alternating current. These investigators suggested that cinchophen 
perhaps detoxicates metrazol. Such a mechanism may be possible as cincho- 
phen counteracts the muscular action of veratrin by forming a complex with 
this agent. 


8. ANTIPHLOGISTIC ACTION 

The antiphlogistic action of cinchophen attracted early clinical attention. 
The rapid disappearance of the inflammatory signs (redness, swelling, hydrops, 
pressure pain) of'gouty joints was reported by many investigators (382, 342, 91, 
196, 343, 154, 163, 233, 368). Similar observations were made in connection 
with many other inflammatory conditions (arthritis, bronchitis, neuritis, iritis, 
laryngitis, scleritis, sympathetic ophthalmia) treated with cinchophen (319, 332, 
195, 8, 41, 230), where a prompt subsiding of pain, a reduction of passive conges- 
tion, and a resoiption of inflammato^'- exudation was noted. 

Starkenstein (342) found that cinchophen intravenously or subcutaneously 
injected, but not when orally given or locally applied, prevents the mustard oil 
chemosis of the rabbit’s eye. Dohm (85); Lacqer and Magnus (206); and 
Wiechowski and Starkenstein (392), confirmed this observation, which Lacqer 
and Magnus (206) could not, however, substantiate in cats. Schikorr (305), on 
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decrease of the suffocation reaction caused by cinchophen was due to an im- 
paired reaction to central vagus stimulation, while other reactions to cinchophen 
pointed to a. paresis of the sympathetic nerves (Wiechowskr and Starkenstein 
(392); Abl (1)). 

UUmann (368) obtained in the isolated frog’s heart perfused with leukotropin 
a slowing of the heart beat, and a diminished systole. He attributed this effect 
to a stimulation of the peripheral vagus. Similar changes were produced by 
Starkenstein, Salus and Wiechowski (343) in rabbits intravenously injected with 
sodium cinchophen. However, Rotter (300) claimed that cinchophen elicits a 
paresis of the cardiac nerves with a stoppage of the heart in systole, thereby con- 
tradicting Starkenstein (342) and Uilman (368). It is possible that the pH of 
the perfusion fluid which is shifted to the acid side by cinchophen exerts a definite 
influence upon the alleged reactivity of the heart to cinchophen. Hydroatophan 
does not affect the isolated frog’s heart; it elicits, however, intense spinal and 
peripheral stimulation resulting in tetanus and fibrillar contractions, which be- 
come manifest upon contact and which are relatively prolonged. 

Starkenstein (342) found after large doses of cinchophen given to rabbits a 
decrease of blood pressure with preservation of splanchnic irritability. Cincho- 
phen apparently produces in rabbits first a stimulation of the vasomotor and 
vagus centers which is followed by a paresis. Ikeda (183; did not observe any 
depression of the capillary circulation in the frog’s mesentery after the adminis- 
trtion of cinchophen. Stake (340) noted that cinchophen accentuates the effect 
of adrenalin upon the uterus. 

Rotter (300) found in frogs weighing 34 grams and given 0.01 gm. of cincho- 
phen general depression followed by a period of increased reflex irritability. Ull- 
mann (368), using leukotropin, also noted a depression and, -with the intravenous 
injection of cinchophen, a miosis. Starkenstein (342) made the same observa- 
tion as to miosis and obtained this effect also in the atropinized eye. 

Through action on the cerebral center of heat regulation causing a lowering 
of its excitability cinchophen exerts an antipyretic effect which can be elicited 
even in normal animals (342, 120). Starkenstein (342) did not succeed in lower- 
ing the temperature of decerebrated rabbits and of rabbits kept in a warmed 
box. The antipyretic effect of cinchophen, however, became readily apparent 
in these warmed animals when they were removed from the warmed box. This 
observation provided, according to Starkenstein (342), additional evidence as to 
the central action of cinchophen upon heat control. Dittrich (83) as well as Hesse 
{171) obtained a severe and sometimes fatal lowering of the temperature of rabbits 
when cyanamide medication was combined with that of cinchophen. It is im- 
portant to note that the antipyretic effect of cinchophen was demonstrable in 
normal animals (rabbits, dogs) only when the drug v T as given intravenously or 
subcutaneously, but not when it was administered by mouth. Hyperthermia 
caused by an injury to the heat center was mitigated by cinchophen (368). 
Barbour and Lozinsky (11), using dogs made febrile by the injection of typhoid, 
paratyphoid or B. coli vaccines, found that the ratio of the minimal antipyretic 
dose to the minimal lethal dose was 1 : 150 for neoeinchophen and 1 163 for cin- 
chophen. Barbour and "Winter (13) noted that the combination of magnesium 
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chloride ivith cinchophen accentuated the antipyretic effect of the latter in 
febrile rabbits and dogs. However, the value of tills evidence is impaired by 
the fact that the febrile reactions elicited by vaccines are variable (154), and 
that the determination of the minimal lethal dose in dogs is made difficult by 
the great variations in the individual susceptibility of different dogs to cincho- 
phen. Hanzlik, Scott, Wcidenthal and Fetterman (155) found neocinchophen a 
poor antipyretic in rheumatics. Lacqer and Magnus (206) produced in cats a 
hypnotic state lasting for several days and accompanied by a lowered body 
temperature. 

Zimmer (402) using cinchophen related its antipyretic action to a retention 
of water in the blood caused by an increased capillary permeability. Barbour 
and Fisk (9) attributed the antipyretic effect and the dilution of the blood to 
the accompanying hyperglycemia. Starkenstein and Wiecliowski (392) sug- 
gested that a part of the antipyretic effect was due to peripheral vasodilatation. 

Cinchophen does not act upon the peripheral nerve structure and does not 
cause any local anesthesia (154). The analgesic effect is central, according to 
Hanzlik (154). Hesse (171) observed that cinchophen and its derivatives have 
no analgesic effect in normal tissue as there is no amelioration of the pain sensa- 
tion in mice given cinchophen when the root of the tail is clamped with a forceps. 
Tinnitus aurium and other symptoms of the auditory organs occur in 65 per 
cent of the patients treated with cinchophen, but in only 20 per cent of those 
receiving neocinchophen (155). Cinchophen causes in rabbits, but not in cats 
and dogs, a lowering of the respiratory rate through action upon the respiratory 
center (154). This effect is not influenced by atropin and vagus innervation. 

Pollok, Finkelman and Tigay (273) found that the depressant central effect 
produced by moderate doses of cinchophen in rabbits lowers the convulsant 
action' of minimal convulsant doses of metrazol, but not that of thujone, picro- 
toxine and alternating current. These investigators suggested that cinchophen 
perhaps detoxicates metrazol. Such a mechanism may be possible as cincho- 
phen counteracts the muscular action of veratrin by forming a complex with 
this agent. 


8. ANTIPHLOGISTIC ACTION 

The antiphlogistic action of cinchophen attracted early clinical attention. 
The rapid disappearance of the inflammatory signs (redness, swelling, hydrops, 
pressure pain) of gouty joints was reported by many investigators (382, 342, 91, 
196, 343, 154, 163, 233, 368). Similar observations were made in connection 
with many other inflammatory conditions (arthritis, bronchitis, neuritis, iritis, 
laryngitis, scleritis, sympathetic ophthalmia) treated with cinchophen (319, 332, 
195, 8, 41, 230), where a prompt subsiding of pain, a reduction of passive conges- 
tion, and a resorption of inflammatory exudation was noted. 

Starkenstein (342) found that cinchophen intravenously or subcutaneously 
injected, but not when orally given or locally applied, prevents the mustard oil 
chemosis of the rabbit’s eye. Dohm (85); Lacqer and Magnus (206); and 
Wiecliowski and Starkenstein (392), confirmed this observation, which Lacqer 
and Magnus (200) could not, however, substantiate in cats. Schikorr (305), on 



66 


W. C. HUEPER 


the other hand, demonstrated a distinct antiphlogistic effect of einchophen upon 
the ultraviolet ray dermatitis of rats, even when the drug was orally given. 
Wiechowski and Starkenstein (392) claimed an antiphlogistic action against 
experimental cutaneous edema produced in cats by the application of croton 
oil. Fuerst (120) made similar observations in rabbits with mustard oil blisters 
of the skin when given einchophen orally and intramuscularly. Hanzlik and 
Tainter (156), on the other hand failed to obtain an unequivocal antiphlogistic 
effect with einchophen given orally in rabbits on an edema of the head and neck, 
elicited by the injection of paraphenylenediamine hydrochloride (156). Sim- 
ilarly negative results were reported by Lacqer and Magnus (206) and Gilde- 
meisfcer and Heubner (127) in rabbits and cats with a pulmonary edema caused 
by phosgen poisoning. 

The mechanism of this antiphlogosis of einchophen is still a matter of contro- 
versy, Starkenstein (342) showed that the effect upon mustard oil chemosis in 
rabbit’s eyes is not influenced by the removal of the superior cervical ganglion, 
and thus concluded that the reaction is of systemic nature. Investigators of 
Sobering- Kahlbaum (303) brought out the fact that the antiphlogistic effect can- 
not be transferred from a einchophen treated animal to another animal through 
blood transfusion. Fuerst (120) claimed that the antiphlogistic action of cin- 
ehophen is causally related to circulatory disturbances set up in the skin, as it 
was readily obviated when a heating pad was applied to the skin of rabbits with 
mustard oil blisters. Myers and Killian (246), on the other hand, maintained 
that the beneficial effect of einchophen upon arthritic joints is due to an increased 
blood supply to the affected areas. This concept is supported by the common 
clinical experience that an increased arterial blood supply to an inflamed region 
produces a decongestion of this part, resulting in a reduction or disappearance 
of the edema, a removal of toxic metabolites, a mobilization of the stagnant 
circulation, an improved oxygenation, and a decrease in pressure pain. Inas- 
much as the analgesic effect of einchophen is seen only in inflamed tissues, it is 
likely that it is closely related to the antiphlogistic effect of this drug. 

Hermann and Zentner (170) suggested that the antiphlogistic effect is the 
result of an activation of calcium, as einchophen increases the ultrafiltration of 
serum calcium. Fuerst (120) as well as Starkenstein (342) pointed out the differ- 
ences between the inflammation-preventing action of einchophen and of calcium. 
While the action of the latter is general, that of the former remains local. 

SchikoiT (305) proposed that the antiphlogosis might be related to the affinity 
of oxycinehophen for iron and copper and, therefore, represent a phenomenon 
of heavy metal catalysis. However, he could not elicit an antiphlogistic effect 
with synthetic 8-oxycinehophen on actinic dermatitis, while Starkenstein (342) 
succeeded in eliciting with this chemical such a response in the mustard or 
chemosis of the rabbit’s eyes. 

9. IMMUNITY 

Derick, Hitchcock and Swift (79) reported that neocinchopken prevents 
nearly completely the formation of circulatory antibodies in serum sickness 
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caused by the injection of horse serum. Meyer and Mczy (230) stated that 
cinchophen lessens anaphylactic reactions, whereas Ilanzlik (151) noted that 
cinchophen rather decreases immunity processes than increases them. Gudzent 
(149) stated that cinchophen, like salicylates and aminopyrine, inhibits allergic 
reactions of the skin. The inhibitory action of cinchophen thus extends to 
circulatory as well as fixed or.ccllular antibodies. 

It is obvious from the data presented that many of the most important pharma- 
cologic aspects of cinchophen and its derivatives, especially its mechanism of 
action, are not well understood and have remained controversial matters. 

D. Toxicological Aspects 

The toxic manifestations elicited by cinchophen and its derivatives are either 
of chemotoxic or allergotoxic nature. Conforming with the species specific 
differences in the metabolism of cinchophen there exist definite variations in the 
degree and type of chemotoxicity of cinchophen for the various species. Reac- 
tions of the allergotoxic type have been so far observed in man only, where they 
are relatively rare. It is possible that such responses, which may involve differ- 
ent organs (skin, liver, vascular system) are not always the result of the develop- 
ment of specific chemoallergens, but may sometimes be related to disturbances 
in the general antibody status of the organism and due to the injurious action 
exerted by cinchophen upon the production and activity of fixed circulating 
immune bodies. 

а. Toxicity and cold blooded animals. Rotter (300) reported that cinchophen 
is decidedly more toxic to cold blooded animals than to warm blooded ones. 
'When injected into frogs (rana tempornria) cinchophen paralyzes the central 
nervous system and the nerves of the heart. The injection of 0.01 gm. of cin- 
chophen into a frog weighing 20 gms. (0.5 gm./kg.) causes death (342). Caffein 
accentuates the action of cinchophen on the heart, while calcium and atropin 
do not exert any modifying effect. 

б. Toxicity in warm blooded animals. Lethal doses: Mouse: The injection of 
0.005 gm. of cinchophen into a mouse of 25 gms. causes dyspnea, while that of 
0.025 gm. (1.0 gm./kg.) produces death (342). 

Rat: The lethal dose of cinchophen, given subcutaneously, for rats is 0.5 
gm./kg., according to Rndwin and Lederer (283) 1.0 gm./kg., according to 
Reichle (288), and Barbour and Lozinsky (11). The lethal dose of neocinchophen 
is 20 gms./kg., subcutaneously given (12). The higher the dose of cinchophen, 
tlm shorter the survival time. Rats receiving thyroid substance by mouth ex- 
hibit a lowered resistance to cinchophen, the minimal lethal dose being reduced 
thereby from 0.55-0.05 gm./kg. to 0.35-0.40 gm./kg. (122). 

Guinea Pig: The lethal dose subcutaneously administered to guinea pigs of 
cinchophen is 0.9 gm./kg., according to Risi (295). 

Rabbit: While the injection of 0.3 gm./kg. of cinchophen does not cause any 
untoward symptoms in rabbits, that of 0.5 gm./kg. elicits occasional paresis, 
and that of 0.8 gm./kg., according to Starkenstein, or of 0.95 gm./kg., according 
to Risi (295), produces death. The oral administration of 1.0 gm./kg. exerts a 
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lethal effect which is preceded by convulsions and general paresis (342). The 
lethal oral dose of cinehophen is 1.4 gm./kg. and of neocinchophen 1.0 gm./kg., 
according to Fuerth and ICuh (121); 0.5 gm./kg. and 0.8 gm./kg. being tolerated 
without any toxic symptoms. Doses of 0.5 gm./kg. of cinehophen given orally 
to rabbits proved fatal nothin 10 days (342). 

Cat: The subcutaneous injection of 0.75 gm./kg. of cinehophen into cats 
causes vomiting (342). 0.2-0.3 gm./kg. orally proved fatal nothin a few days. 

Dog: Risi (295) found that 0.62 gm./kg. of cinehophen, given subcutaneously, 
is lethal for dogs. 

The reliable determination of the single lethal dose of cinehophen administered 
by mouth is difficult and has not been reliably accomplished, because dogs re- 
ceiving by this route 0.5 gm./kg. vomit (12), preventing thereby the complete 
absorption of any higher dose. Barbour and Lozinski (11) stated that 1.25 gm./kg. 
represents the minimal lethal dose given by mouth, Starkenstein (342) places 
this dose at 1.5 gm./kg., while Richartz (292) claimed that 0.6 gm./kg. has a 
lethal effect. Barbour and Lozinsky (11) were unable to obtain a lethal effect 
with any dose of neocinchophen given to dogs by mouth. 

Starkenstein (342) found that 0.5 gm./kg. of cinehophen given for 2 to 3 days 
orally proved fatal, while Barbour and Lozinsky (11) noted that 3 times 0.33 
gm./kg. daily elicited depression and loss of appetite in dogs. When 0.2 gm./kg. 
of cinehophen was administered by mouth 4 times daily, weakness developed, 
followed by death on the fourth day. Neocinchophen given in divided doses of 
up to 9 gms./kg. daily for several days was ineffective in causing death or toxic 
symptoms, according to Barbour and Lozinsky (11). 

Man: i/o case of acute fatal poisoning noth cinehophen or neocinchophen 
has been reported so far. Willcox (393) contended that the danger of cinehophen 
poisoning is much enhanced in elderly people. Others maintained that a poor 
state of nutrition and hepatic disorders predispose to untoward reactions from 
cinehophen. ■ Sex, apparently, does not play any role in this respect. 

1. CEEMOTOXIC REACTIONS 

Kidney: Hanzlik et al. (155) reported the occurrence of albuminuria and 
cylindruria after the administration of cinehophen in high therapeutic doses. 
Schroeder (310) noted the presence of albuminuria in 5 cases of cinehophen 
poisoning. Miller and Boots (238), on the other hand, found that the appear- 
ance of albuminuria or its disappearance, when preexisting, after cinehophen 
medication does not follow a definite trend. The available evidence does not 
support the view that cinehophen exerts a direct cytotoxic effect upon the renal 
parenchyma. Whenever degenerative changes in the renal tissue were found 
after toxic doses of cinehophen, these were associated with prolonged depressive 
states or extensive regressive changes of the liver and thus more likely attribut- 
able to the metabolic disturbances set up by these reactions. ^ It is not likely 
•that the three cases of acute hemorrhagic nephritis following cinehophen medi- 
cation (55, 328, 310) represent chemotoxic effects of the drug. If they have an> 
causal connection with the action of cinehophen, this is possibly of a chemoa - 
lergic nature and may be a part of a hepatorenal syndrome. 
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Seifert (320) reported that cinchophen aggravated a cystitis by the formation 
of uric acid stones and Weintrnud (382) considered for tins reason the presence 
of renal s tones a contraindication to the administration of cinchophen. Eimer 
(93) recommended the administration of alknlies or an intermittent type of cin- 
chophen medication for the prevention of the formation of uric acid concretions. 
However, Klemperer (196), and Friedeberg (118) never observed the occurrence 
of renal colics after cinchophen medication. 

Respiratory System: The occurrence of dyspnea following the introduction 
of therapeutic doses of cinchophen was observed by Mendel (233) (diethylenedi- 
amine cinchophen) and Zieglwallner (400) (atoplianyl) . Schilling (306) reported 
the development of bronchitic symptoms after cinchophen medication. Large 
doses of cinchophen cause in animals death by respiratory paralysis. 

Auditory System: The development of tinnitus aurium and vertigo after 
cinchophen medication was previously mentioned as a part of the symptom 
complex of cinchophenism (154, 35, 336). This toxic syndrome occurs less 
often following the administration of neocinchophen. 

The alleged production of unilateral deafness by neocinchophen (213) cannot 
be taken seriously as this particular patient suffered from auditory disturbances 
before the cinchophen therapy was instituted. 

Nervous System : Rawls (285) mentioned that the therapeutic use of cinchophen 
causes not infrequently disturbances of the nervous system, manifesting them- 
selves in emotional instability (22%), mental depression (6%), insomnia (4%), 
headache, dizziness and fatigue. The incidence of such reactions is reduced, 
according to Rawls, by the simultaneous medication of vitamin K (emotional 
instability (2.75%), mental depression (1.25%), insomnia (2.5%)). 

Dogs and monkeys receiving orally toxic doses of cinchophen become pro- 
gressively depressed and somnolent. ' 

Gastrointestinal System: The occurrence of untoward gastrointestinal reac- 
tions following the use of cinchophen was reported soon after the introduction 
of this drug into medical therapy. The symptoms observed are abdominal 
distress, nausea, anorexia, vomiting, pyrosis, diarrhea and constipation. Loss 
of appetite and impaired nutrition are not infrequent sequelae of these reactions, 
which are evidently the result of the prolongation of the secretory activity of 
the gastric mucosa elicited by cinchophen and which may necessitate the dis- 
continuation of this medication. They may precede, accompany or follow the 
appearance of toxic manifestations from other organs, especially the liver, 
Westfall (389) reported that gastrointestinal complaints were noted in 98 of 
1598 cases treated with cinchophen. This incidence seems to agree with the 
observations made on this subject by the majority of investigators. Rawls, 
on the other hand, gives a much higher frequency of such untoward responses: 
Nausea in 36 per cent, vomiting in 4 per cent, diarrhea in 2 per cent, abdominal 
pain in 22 per cent, pyrosis in 10 per cent, and constipation in 3 per cent. 

There exists very little evidence suggesting that such reactions may lead to 
the development of peptic ulcers in the stomach and duodenum of man. So 
far only 2 cases are placed on record in which a causal relationship between" pep- 
tic ulcer of the stomach and preceding therapy with cinchophen was considered a 
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possibility (287, 30) . The patient in Rhea’s case (287) was a heavy drinker who 
received cmchophen because of arthritis and who showed at autopsy an ulcer of 
the lesser curvature. In view of the fact that chronic alcoholism is often as- 
sociated with chronic gastritis, it is more likely that this factor played the de- 
ciding role in the production of the ulcer. In the second case reported by Bloch 
and Rosenberg (30) various vaccines were injected into the patient, an old woman 
with polyarthritis, before cinchophen was given. One ulcer was found at the 
junction of the esophagus with the stomach, while a second one was situated 
somewhat lower in the stomach. Both locations are not typical for cinchophen 
ulcers which are located at the pylorus, at the lesser curvature and in the post- 
pyloric part of the duodenum. Peptic ulcers of the stomach are moreover so 
frequent (5-10 per cent) in the general population that Bloch and Rosenberg 
conceded the probability of coincidence. / 

Experimental studies on dogs, cats and chickens, have shown, on the other 
hand, that chronic cinchophen medication readily elicits in these species peptic 
ulcers in the stomach and duodenum (61, 62, 372, 153, 324, 316, 289, 341, 327, 
9, 396, 291, 252, 357, 74, 59, 182). Attempts to elicit similar ulcerative lesions 
in the stomach or duodenum of rabbits, guinea pigs, and monkeys, however, 
failed, indicating that a species specific response is involved (324, 316, 182). 

. The ulcerative gastric lesions were elicited by giving dogs 5, 10 and 25 times 
the daily therapeutic dose employed for man, which is 0.022 gm./kg. The cin- 
chophen suspended in cotton seed oil, gum acacia or starch solution was adminis- 
tered by stomach tube. Dogs frequently vomited after such medication, and 
lost appetite and weight. During the first week on such a management, they 
grew weak and lay in their cages in a sort of doubled up position. 

Peptic ulcers develop within 10 to 60 days after the start of the ingestion of 
cinchophen, depending upon the susceptibility of the individual dog and the 
dose of cinchophen administered, and may affect 100 per cent of the dogs sub- 
jected to the treatment. While some of the dogs may die from the toxic effects 
of cinchophen without developing ulcers during the acute stage of the experi- 
ment, those which survive often show a return of their appetite, may even gain 
in weight, and may develop ulcers before any nutritional disturbances become 
manifest (341). With prolonged medication and ulcer formation, a generally 
weakened condition appears, associated with tarry diarrhea at times. The 
total amount needed for the production of gastroduodenal ulcers varied from 
1.23 gm./kg. to 27.06 gm./kg., the average being 5.16 gm./kg. (372). ' Inas- 
much as cinchophen administered by other routes (subcutaneous, intravenous, 
rectal, intestinal fistula) elicited the same effects (74, 324, 153, 289, 9, 341), it is 
obvious that the ulcerative lesions are not the result of a local action of cincho- 
phen upon the gastric mucosa, but are related to the prolongation of the gastric 
secretion occurring under the influence of cinchophen. It is for this reason t at 
peptic ulcers develop more rapidly in Heidenhain’s pouches, which do not come 
in contact with orally given cinchophen, than in the rest of the gastric mucosa, 
because the mucosa in the pouches is continuously exposed to the stagnating 
acid gastric secretion (341), which, however, does not show any hyperacidity. 
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The first changes occurring in the gastric mucosa are of the acute inflammatory 
nature and appear about 24 hours after the ingestion of cinchophcn or 0 to 10 
hours after its subcutaneous injection (153, 327). This primary stage of acute 
gastritis lasts from one week to ten days (327, 341) and is characterized by mu- 
cosal edema, infiltration with lymphocytes and plasma cells, small hemorrhagic 
erosions and narrow fistulous ducts extending into the mucosa and filled with 
leucocytes. The fistulas originate from the destruction of the mucosa in the 
depth of the crypts. 

During the second stage there occurs a gradual return of the gastric mucosa 
to a normal condition in most parts of the stomach with the exception of those 
portions where a progressive ulcerative development of some of the erosions into 
deep chronic ulcers takes place. These have necrotic and inflamed bases and 
indurated walls and resemble, in most respects, the peptic ulcers found in man. 
Sometimes the ulcers extend into the muscularis and may even perforate with 
erosion of and hemorrhage from vessels located in the bases. 

The ulcers persist ns long as cincliophen is given. However, a few days after 
the cessation of cincliophen medication, the bases become clean and fill in with 
granulation tissue. Complete healing usually is accomplished within 2 to 3 
weeks (357). , 

The ulcers are usually located in the prepyloric Tegion or directly on the pyloric 
ring (89.3 per cent). Others are situated at the lesser curvature or in the post- 
pyloric part of the duodenum (7.1 per cent). They are rarely found on the 
anterior wall or the greater curvature. Occasionally, also, jejunal and ileal 
ulcers are seen. An association of duodenal ulcers with gastric ones occurs in 
about 10 per cent of the cases. Multiplicity of ulcere exists in 32 to 35 per cent 
of the cases (341). 

These investigators found that the dogs receiving daily 2 gms. of cincliophen 
in a coarse diet develop more quickly gastric ulcers than dogs fed a soft diet. 
When 30 gms. of gastric mucin was given twice daily or when pectin was ad- 
ministered with the cincliophen, the incidence of ulcer formation was consider- 
ably reduced (by 50 per cent and 89 per cent, respectively) (289, 390, 291). The 
cutting of the pyloric sphincter muscle (Rammstedt operation), obviating thereby 
the development of a pylorospasm, generally elicited by cinchoplien, also re- 
duced the incidence of nicer formation by about 50 per cent by permitting the 
free drainage of the injurious gastric secretion into the intestine (74). The 
pylorospasm was also abolished by atropine, but not by the bilateral sectioning 
of the vagi in the neck. Cholecystogastrostomy, on the other hand, had no 
effect upon the frequency of gastric ulcere (357). 

Observations made by Davis, Bradley, Baclirach, and Ivy (74) on the bili- 
rubin clearance and the serum phosphatase of dogs with cinchophen ulcers re- 
vealed that there was no evidence of an associated functional liver damage and 
thus no demonstrable causal connection between a potential primary fiver in- 
jury' and the ulcer formation of the stomach. The histologic examination of 
the liver of such ulcer dogs showed the presence of normal conditions (341, 357) 
Dogs with cinchophen ulcers studied by Hueper (182) exhibited mild to moderate 
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mter^itiai edema and scattered degenerative changes in the liver. Reymont 
(291) stated that cmchophen may cause a disturbance of liver function without 
simultaneously eliciting peptic ulcers. 


Cmchophen is excreted into the gastric juice of dogs at a maximum rate of 
1.5 mgm. per hour. 

Cheney (59) obtained in 3 week old chicks fed an antigizzard deficient diet 
and cmchophen, penetrating, perforating and, often multiple, ulcers of the 
stomach within 24 to 48 hours after the start of the experiment. A protective 
diet contained high amounts of carbohydrates. Cheney (59) assumed that 
cinchophen interferes with the proper functioning of the liver and thereby with 
the adequate delivery of protective substances from the liver to the gastric 
mucosa'. 


Hematopoietic System: Mention has already been made of the fact that ex- 
cessive doses of cinchophen fed to rats kept on a vitamin K low diet (182) or 
administrated to man over prolonged periods of time (285) causes a lowering of 
the prothrombin content of the blood. 

Kracke (203) and Plum (270) mentioned in their reviews on agranulocytosis a 
doubtful case of this condition allegedly elicited by cinchophen. Rawls (285, 
286) reported recently a new case of agranulocytosis in a patient who’ received 
cmchophen and 1,4 naphthoquinone, but attributed the hematic condition to 
the action of the vitamin K preparation. Shapiro and Lehman (321) recorded a 
fatal case of agranulocytosis after the ingestion of cinchophen and Beckermann 
(23) observed in 2 cases with severe liver injury following cinchophen medica- 
tion a moderate degree of leukopenia. If these leukopenic reactions are actually 
due to cinchophen, they belong into the group of allergic drug reactions such as 
those seen after aminopyrine, sulfonamides, thioureas, and other organic chemi- 
cals. 


2. CHEMOALLERGIC REACTIONS 

Skin: Among the various chemoallergic manifestations seen in man after the 
administration of cinchophen or one of its derivatives, those of the skin attracted 
early attention and are among the more frequent chemoallergic reactions to this 
drug (159). They may appear a few hours after the apparently first contact of 
the affected person with the drug or they may develop following a prolonged 
medication. There seems to exist, therefore, an idiopathic type of cutaneous 
hypersensitivity and an acquired one, unless the supposition of Sugg (353) is 
correct that even in the “idiopathic” cases a previous contact with the chemical 
occurred, which was obscured by the fact that cinchophen is a constituent of 
numerous patent medicines, often taken without the knowledge of their cincho- 
phen content. . . . , 

These cutaneous reactions take the form usually of itching, purpuric, urticaria 
or scarlatiniform eruptions or of exfoliative erythroderma and are sometimes 
associated with angioneurotic edema. They are often accompanied by chemo- 
toxic and allergotoxic manifestations of other organs (fever, headache, chi s, 
depression, syncope, aphthous ulcers of mucous membranes, nausea, vomiting, 
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anorexia, jaundice, swelling of the joints) and arc observed after an exposure to 
cinchophen, neocinchoplien, atopimnyl and oxyliodidc (353, 314). A total of C5 
cases of dermoallergic reactions to cincliopben have been reported (108, 77, 231, 
181, 40, 194, 366, 310, 398, 35, 306, 356, 105, 237, 93, 325, 314, 211, 309, 389, 
277* 288, 73, 229, 353, 285). 

The absolute and relative incidence of such complications is not high con- 
sidering that Westfall (389) found only 13 instances of cutaneous reactions 
among 2,467 cases treated with cinchophen, of which 1,589 cases were analyzed. 
Snyder (334) remarked that lie saw urticaria in only a few of 2,500 patients re- 
ceiving cinchophen. Rawls (285), on the other hand, asserted that 20 per cent 
of 200 cases treated with cinchophen and 4.5 per cent of all cases receiving cin- 
chophen plus bile salts or bile salts and vitamin K developed cutaneous reactions. 
The observations made by Rawls (285), however, differ strongly from the find- 
ings recorded by many clinicians who used cinchophen extensively in their 
practice. 

In several instances cutaneous reactions recurred whenever the drug was taken 
after varying intervals of time (273, 310, 318, 77, 40, 194, 231, 208). Skin, tests 
for the demonstration of chemoallcrgy to cinchophen were positive in 2 cases 
studied by Rink (105), but were negative in cases investigated by Miller (237), 
and Short and Bauer (325). 

Rawls, Gruskin, Ressa and Gordon (2SD) mixed 1 cc., 2cc., and 3 cc., of a 5 
per cent sodium cinchophen solution, respectively, with 5 cc. of serum and kept 
these mixtures in the refrigerator for 4 days. When 50 patients, who had daily 
received 0.5 gm. of sodium cinchophen for 4 weeks, were injected intradermally 
with 0.05 cc. of these mixtures, 74 per cent of those showing positive skin reac- 
tions exhibited toxic symptoms, including cutaneous reactions, while 71 per cent 
of those with normal liver function tests revealed a negative skin test. Sugg- 
(353) listed in a group of 10 cases with skin reactions 2 fatal cases. It must be 
emphasized, however, that these fatalities were not the result of the cutaneous 
complications, but were caused by associated liver injuries (356). Hepatic re- 
actions were present in 6 of the 41 cases of cutaneous cinchophen allergies re- 
viewed by Short and Bauer (325). 

Of the 26 cases collected by Short and Bauer (325) with data available on sex, 
12 were males and 14 females. The age varied from 13 to 74 years. The dose after 
which the eruptions appeared ranged from 1 gm. of cinchophen taken within 6 
hours to 115 gms. used within 114 days. 

It may be mentioned that Rawls (285) observed in 5 out of 9 cases with cin- 
chophen urticaria and Hench (1G4) in 16 with this condition a striking relief of 
the arthritic pains. Tins improvement lasted for from 3 weeks to 5 months de- 
pending in general upon the duration and severity of the urticarial reaction. 

The appearance of cutaneous manifestations as evidence of a hypersensitivity 
to cinchophen represents an absolute indication for the immediate cessation of 
any further administration of the drug. The cutaneous lesions may be treated 
with an antipruritic lotion, with intramuscular injections of calcium gluconate 
and with oral administrations of tricalcium phosphate (237). Short and Bauer 
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(325) advised that prophylactically intravenous injections of dextrose solution 
be for a period of about a week so as to oouJeract any sSwutC 

Cardiovascular System: Episodes of circulatory failure characterized by the 
appearance of tachycardia, palpitations, low blood pressure, apprehension, pre- 
cordial tension, pallor, chill, flushes, restlessness, nausea, and syncope were seen 
in a number of cases treated with cinchophen (318, 14, 356, 314, 99). In several 
of them they were associated noth allergic cutaneous reactions (310, 277, 123). 
Skin tests for hypersensitivity to cinchophen were negative in the cases reported 
by Quick (278) and Barron (14). 


Liver 

The occuirence of jaundice associated with acute or chronic degenerative and 
necrotizing changes in the liver appears to be the most frequent and, at the same 
time, the most dangerous complication ascribed to cinchophen and its various 
derivatives. These hepatic reactions assume, in an appreciable percentage of 
the cases, the character of an acute or subacute yellow atrophy of the liver or of a 
cirrhosis of this organ, which have, not iofrequentiy, a fatal outcome. It is for 
this reason that such untoward responses to cinchophen have attracted consider- 
able attention during the last twenty years (261, 46, 386, 73, 384, 325, 259). In 
1936, Palmer and Woodall (259) collected 192 fatal and nonfatal cases of jaundice 
following the administration of cinchophen or one of its derivatives. Since that 
time some 40 additional cases have been placed on record, making a total of ap- 
proximately 230 cases (398, 48, 128, 393, 388, 198, 98, 174, 193, 315, 328, 162, 
284, 78, 262, 280, 381, 219, 218, 356, 72, 243, 41, 117, 3, 288, 215, 105, 361, 207, 
370, 261, 378, 299, 322, 93, 32, 97, 242, 64, 175, 123, 216, 386, 26, 18, 22, 151, 
226, 287, 261, 73, 384, 394, 65, 383, 339, 333, 229, SI, 377, 50, 146, 51, 265, 184, 
337, 264, 187, 355, 241, 224, 140, 180, 67, 178, 116, 30, 204, 294, 380, 72, 228, 260, 
326, 23, 70, 334, 335, 389, 201, 126, 202, 53, 82, 103, 225, 15). 

In a considerable number of these cases premonitoiy symptoms of cinchophen 
toxicity, such as bloating, nausea, vomiting, gastric distress, rashes and itching 
of skin, loss of appetite, fatigue and headache, preceded the onset of jaundice. 
In many others, however, jaundice was the first sign of an untoward reaction to 
' cinchophen. 

Weir and Comfort (384) have divided the cases of cinchophen hepatoxicosis 
into five groups according to the degree of severity . In the first group, represent- 
ing the mildest type of toxic reaction, there are cases in which the liver is enlarged 
and cirrhotic, the van den Bergh test and the bilirubin content of the serum are 
normal, but the bromosulphthalein test indicates an impaired liver function.. ^ n 
the second group, comprising somewhat more'severe degrees of hepatic injury, 
mild jaundice exists in conjunction with a normal sized, but nodular, or an en- 
larged liver. The bilirubin content of these cases varies between 4.6 to 5.8 mg. 
per 100 cc., and the bromosulphthalein test is positive. The third group con- 
tains the cases with moderately severe jaundice. The serum bilirubin Ieve 
stands around 10 to 15 mg. per 100 cc., and the bromosulphthalein test is posi- 
tive. Tyrosine may be present in the urine. In the fourth group jaundice 
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severe, the bilirubin content of the serum ranges around 15 to 25 mg. per 100 cc. 
The bromosulphthalein test is strongly positive. The stool is clay colored; the 
liver is not palpable. There develops considerable loss of weight, strength and 
appetite. Pain in the abdomen is often complained of and ascites is occasionally 
present. The patient is drowsy and often feverish. Icterus index and van den 
Bergh tests are positive. A leucocytosis is frequently found. The urine con- 
tains bilirubin, urobilinogen and, sometimes, tyrosin. The prognosis of these 
cases is grave and recovery extends over many months. An impaired liver 
function is demonstrable long after actual jaundice has disappeared. The fifth 
group is composed of the fatal cases which exhibit a symptomatology similar to 
that seen in the previous group. The bilirubin content of the serum often 
reaches high figures. Stupor, delirium and hyperpyrexia usually are present 
during the terminal stage. 

In some cases jaundice regressed for some time, but later recurred and pro- 
gressed to a fatal outcome. The symptomatology of cinchophen hepatoxicosis 
does not fundamentally differ from that seen in liver injuries caused by other 
poisons or developing on an obscure basis. It is noteworthy that cinchophen 
injury of the liver may assume the character of a simple catarrhal jaundice, as 
well as that of a fulminating acute yellow atrophy of the liver, or of a chronic 
cirrhosis of this organ with transitions from one stage into another. In this 
respect it resembles the hepatic manifestations seen in infectious hepatitis, re- 
cently described by Luckd (221). The prognosis of cinchophen hepatitis is al- 
ways serious and guarded even after apparent recovery because of the possibility 
of a subsequently developing cirrhosis (393). The prognosis is especially grave 
during the acute stage in the presence of a small liver, ascites, and cinchophen 
medication continued after the appearance of jaundice. The bromosulphthalein 
test is of little prognostic value, but helps to gauge the degree of liver injury, 
and thus the degree of functional recovery after the jaundice has cleared up. 

In 50 fatal cases 52 per cent died within 2 weeks after the appearance of jaun- 
dice, 74 per cent within 4 weeks, and 80 per cent within 6 weeks. In 40 of 56 
nonfatal cases recovery occurred in 10 per cent within 2 weeks, in 5 per cent 
within 4 weeks, in 57.5 per cent within 6 weeks, and in 85 per cent within 8 weeks. 
Ascites developed in 11 cases after 3 weeks of jaundice, while only 2 of 13 cases 
with ascites recovered. Edema without ascites was present in 10 cases and 
with ascites in 9 cases (384). 

The autopsy reveals changes such as are commonly seen in acute yellow 
atrophy and cirrhosis of the fiver. The weight of the livers ranged from 450 
gms. (3) to 1,950 gms. (288). In only 12 of 43 cases did the weight of the livers 
surpass 1,000 gms. (259). The histological changes found in the livers with 
cinchophen hepatitis correspond to those observed in acute yellow atrophy or 
toxic cirrhosis of the liver. The kidney often reveals degenerative changes of 
the tubular epithelium. It is probable, however, that these lesions are not the 
result of a specific toxic action of cinchophen, but are related to the metabolic 
disturbances brought about by the fiver injury. Autopsy reports were avail- 
able in 70 of the 101 fatalities recorded. 

The sporadic and capricious occurrence of cinchophen hepatoxicosis has greatly 
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cnce of infectious diseases in these individuals contributing to the lethal outcome 
of the hepatic complication. 

The peak of incidence of cincliophen hepatitis occurs in tlio fifth to seventh 
decade, i e , at a time when arthritic conditions are particularly frequent. As 
the incidence rate decreases with advancing age, it is not likely that ago as such 
has any influence upon the susceptibility to cincliophen hepatitis. It is possible, 
on the other hand, tliat the chances for an acquired sensitivity to cincliophen 
are enhanced with age. 

The sex was known in 190 cases; 75 were males and 115 females. Wide it 
is doubtful whether or not this sev distribution has any significance, the ex- 
pectancy toward recovery is greater in males than in females, Bryco (46) 
found that 30 per cent of 73 males died, while 54 per cent of 111 females died. 

In the great majority of cases cincliophen was taken by mouth. Parenteral 
administration was practiced in only 22 cases, in fivo of which the drug also was 
given orally. This distribution apparently reflects the types of clinical use of 
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cinchoplicn preparations, and docs not indicate that the way of introduction of 
cinchophen plays any definite role in determining the development of toxic 
hepatic reactions. It has been noted, however, that the onset of hepatic symp- 
toms is hastened after the intravenous injection of cinchophen (193, 174, 317, 
32S, 1G2, 2S8). 

The Touto of medication (oral, parenteral) showed the following relation to the 
outcome of hepatic accidents: Parenteral administration (intravenous and intia- 
musculnr) : 13 cases with 4 deaths (25%) and 9 recoveries; oral admiuistiation: 
202 cases with 98 deaths and 104 recoveries (50%). It is not likely that the 
difference in mortality rates between ornl and parenteral medication reflects an 
actual difference in the toxicity of cinchophen when given by different routes. 
It is more probable that the higher amounts of cinchophen when given by mouth, 
and the longer duration over which cincliophen is given orally in general, ac- 
counts for the discrepancy. 

The ficqucncy with which cinchophen and its various derivatives and prepara- 
tions contributed to these complications is scon from Table 5. 
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complicated the task of elucidating the etiologic factors involved in the produc- 
tion of these therapeutic accidents. Despite a careful analysis of the clinical 
data and a great deal of experimental work, a satisfactory solution of this prob- 
lem has not yet been found. 

The following primary conditions existed in 179 cases treated with cinchophen 
and subsequently developed jaundice: polyarthritis, usually of rheumatic origin, 
rheumatism, arthritis, lumbago, neuritis, rheumatoid pain, sinusitis, toothache, 
traumatic pain, pain after extraction of tooth, epigastric pain, pain of indefinite 
• origin, grip, cold, eczema, lymphangitis, pleurisy, gout, and cholecystitis. Their 
incidence is listed in Table 3. 

Rheumatic and other infections, as well as arthritic conditions of various 
etiology, were present in the majority of cases, while gout furnished only a small 
number despite the fact that this disease represents the earliest and most promi- 

TABLE 3 


Primary Diagnosis in Cinchophen Hepatitis 
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nent indication for cinchophen therapy (164). There was, on the other hand, a 
relatively high incidence of cinchophen hepatitis in individuals receiving this 
drug for cholecystographic purposes. The incidence appears to he excessive as 
cinchophen preparations were used for only a very limited time and evidently 
in only a restricted n umb er of patients for the visualization of the gallbladder. 

It has been maintained that the susceptibility to cinchophen hepatitis in- 
creases with age (225, 46, 393). The age distribution of hepatic morbidity and 
mortality after cinchophen medication is represented_in Table 4. 

The data indicate that the mortality rate is about 50 per cent of the morbidity 
rate for all age groups. This figure agrees with the rate of 46.8 per cent ca 
culated by Palmer and Woodall (259, 260) for a series of 191 cases noth 88 deaths. 
The earliest age group seems to represent an exception to tins rule, but this dis- 
crepancy may be due to the small number of cases in this group and to the pres- 



CIXCHOPHEX 


77 


ence of infectious diseases in these individuals contributing to the lethal outcome 
of the hepatic complication. 

The peak of incidence of cinchophen hepatitis occurs in the fifth to seventh 
decade, i.e , at a time when arthritic conditions are particularly frequent. As 
the incidence rate decreases with advancing age, it is not likely that age as such 
has any influence upon the susceptibility to cinchophen hepatitis. It is possible, 
on the other hand, that the chances for an acquired sensitivity to cinchophen 
are enhanced with age. 

The sex was known in 190 cases: 75 were males and 115 females. While it 
is doubtful whether or not this sex distribution has any significance, the ex- 
pectancy toward recovery is greater in males than in females. Bryce (46) 
found that 30 per cent of 73 males died, while 54 per cent of 111 females died. 

In the great majority of cases cinchophen was taken by mouth. Parenteral 
administration was practiced in only 22 cases, in five of which the drug also was 
given orally. This distribution apparently reflects the types of clinical use of 
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cinchophen preparations, and does not indicate that the way of introduction of 
cinchophen plays any definite role in determining the development of toxic 
hepatic reactions. It has been noted, however, that the onset of hepatic symp- 
toms is hastened after the intravenous injection of cinchophen (193, 174, 317, 
328, 162, 283). 

The route of medication (oral, parenteral) show ed the following relation to the 
outcome of hepatic accidents: Parenteral administration (intravenous and intra- 
muscular): 13 cases with 4 deaths (25%) and 9 recoveries; oral administration: 
202 cases with 98 deaths and 104 recoveries (50%). It is not likely that the 
difference in mortality' rates between oral and parenteral medication reflects an 
actual difference in the toxicity of cinchophen when given by different routes. 
It is more probable that the higher amounts of cinchophen when given by mouth, 
and the longer duration over which cinchophen is given orally in general, ac- 
counts for the discrepancy'. 

The frequency with which cinchophen and its various derivatives and prepara- 
tions contributed to these complications is seen from Table 5. 
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complicated the task of elucidating the etiologic factors involved in the produc- 
tion of these therapeutic accidents. Despite a careful analysis of the clinical 
data and a great deal of experimental work, a satisfactory solution of this prob- 
lem has not yet been found. 1 

T-he following primary conditions existed in 179 cases treated with cinehophen 
and subsequently developed jaundice: polyarthritis, usually of rheumatic origin, 
rheumatism, arthritis, lumbago, neuritis, rheumatoid pain, sinusitis, toothache, 
traumatic pain, pain after extraction of tooth, epigastric pain, pain of indefinite 
origin, grip, cold, eczema, lymphangitis, pleurisy, gout, and cholecystitis. Their 
incidence is listed in Table 3. 

Rheumatic and other infections, as well as arthritic conditions of various 
etiology, were present in the majority of cases, while gout furnished only a small 
number despite the fact that this disease represents the earliest and most promi- 

TABLE 3 


Primary Diagnosis in Cinehophen Hepatitis 


DIAGNOSIS 

CASES 

DIAGNOSIS 

Rheumatism 


Cold 

Rheumatic Arthritis 


Infections 

Acute Arthritis 


Gout 

Chronic Arthritis 

65 

Miscellaneous conditions 

Neuritis 

17 

Cholecystography 

Miscellaneous Pains 

16 
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nent indication for cinehophen therapy (164). There was, on the other hand, a 
relatively high incidence of cinehophen hepatitis in individuals receiving tins 
drug for cholecystographic purposes. The incidence appears to be excessive as 
cinehophen preparations were used for only a very limited time and evidently 
in only a restricted number of patients for the visualization of the gallbladder. 

It has been maintained that the susceptibility to cinehophen hepatitis in- 
creases with age (225, 46, 393). The age distribution of hepatic morbidity and 
mortality after cinehophen medication is represented, in Table 4. 

The data indicate that the mortality rate is about 50 per cent of the morbidity- 
rate for all age groups. This figure agrees with the rate of 46.8 per cent cal- 
culated by Palmer and Woodall (259, 260) for a series of 191 cases with SS deaths. 
The earliest age group seems to represent an exception to this rule, but t s i 
crepancy may be due to the small number of cases in this group and to the pres- 
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In the majority of cases of hepatitis cinchophen had been administered either 
continuously or in intervals over periods of weeks or months. The shortest 
interval between the medication of cinchophen and the onset of jaundice was 2 
days. In some cases jaundice made its appearance some weeks or months after 
the cessation of cinchophen medication (219, 30, 393, 151). This delayed type 
of reaction indicates that, occasionally, a slowly progressive hepatotoxic response 
is elicited which continues after the initial injuring agent has ceased to act. 

The available clinical evidence thus shows that, while some persons possess 
an abnormal susceptibility to therapeutic doses of cinchophen which is expressed 
in various chemotoxic and allergic reactions of various organs including the 
liver, the great majority of patients receiving this drug enjoy a relative im- 
munity, as they are able to take even large doses of cinchophen over long periods 
with impunity. 

Various hypotheses have been advanced in attempts to explain the mechanism 
of hepatotoxic action of cinchophen. An opinion widely held attributes these 
hepatic injuries to a direct toxic action of the drug upon the liver cells (225). 
Eimer (93) claimed that the toxic effect results from a gradual accumulation of 
cinihoplien and its metabolites in the body, finally reaching a level at which these 
chemicals become injurious to the liver cells. A similar theory was proposed 
by Straub (352) who contended that a continued administration of cinchophen 
does not permit a recovery of the liver cells from the damaging action of the 
drug, thereby ultimately causing extensive degenerative and necrotizing changes 
in the liver. The process of hepatic regressive alterations, according to Straub 
(352), may proceed for some time before causing a manifest jaundice, which 
signalizes a more massive breakdown of liver cells. Sherwood and Sherwood 
(322) suggested that the hepatotoxic action of cinchophen is the result of an ab- 
normal metabolic decomposition of the drug causing the development of nitro- 
benzene from the quinoline nucleus, which in turn is not adequately excreted by 
the kidneys. Rabinowitz (280), Willcox (393), and Weis (386), on the other 
hand, held that the benzene-nucleus in the cinchophen molecule is to blame for 
the liver injury, as it exerts a similar effect in arsenobenzol and trinitrotoluol. 
In a recent report on cinchophen by the Council on Pharmacy and Chemistry 
(1941) the statement is made that cinchophen hepatitis is of chemotoxic and 
not of allergic origin. In support of this contention, it was maintained that 
similar changes had been produced by cinchophen in experimental animals. 

Commenting on the theories of Sherwood and Sherwood, and of Rabinowitz, 
it may be noted that the alleged conversion of the quinoline nucleus into nitro- 
benzene or benzene is a purely speculative supposition (278) and that benzene 
as such does not, as a rule, exert a hepatotoxic effect, leading to acute yellow 
atrophy or cirrhosis of the liver. If the assumption that cinchophen actually 
injures the liver cells is correct, there should be demonstrable a direct and con- 
sistent relation between the dose of cinchophen administered and the total con- 
sumption of the drug, on the one side, and the occurrence and frequency of cin- 
chophen hepatitis on the other. Cinchophen thus should follow the generally 
recognized laws of toxicity as they are exemplified in regard to a specific toxic 
action upon the liver by numerous chemicals (phosphorus, chlorinated aliphatic 
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Hydrocarbons (chloroform, carbon tetrachloride, trichlorethane, ethylene di- 
chloride, tetrachlor ethylene), trinitrotoluol, trinitrophenol, dinitrophenol, dinitro- 
benzol, chlorinated naphthalenes, and toxins of certain mushrooms and infectious 

agents (Weil’s disease, yellow fever) (66, 280, 393). 

In the preceding discussion concerning the relationship between the dose re- 
ceived and the development of jaundice, it was brought out that there do not 
exist any fixed connections between these two factors, as the dose varied over a 
wide range and, in many instances, was definitely far below any recognized toxic 
dose for this chemical. Thus cinchophen does not obey the accepted rules exist- 
ing between quantity of a chemical administered and toxic effect elicited. 

TABLE 6 


Annual Distribution of Cinchophen Hepatitis and Production of Cinchophen 



NUMBER OF 
HEPATITIS 
CASES 
PRESENT 

ALL TOXIC REACTIONS (BRYCE) 

CINCHOPHEN 

NEOCINCHOPHEN 

YEAR 

U. s. A. 

World 

PRODUCTION 

PRODUCTION 


SERIES 

Total 

Fatal 

InU.S.A. 

1923 

1 

0 

1 

0 

lbs. 

32,710 

lbs. 

2,725 

1924 

0 

3 

3 

0 

56,003 

4,667 

1925 

1 

1 

1 

1 

60,722 

5,060 

1926 

12 

0 

13 

4 

79,632 

6,636 

1927 

15 

0 

11 

3 

84,212 

7,017 

1928 

10 

0 

7 

5 

94,330 

7,860 

1929 

8 

4 

8 

3 

99,538 

8,294 

1930 

12 

9 

21 

4 

93,765 

8,354 

1931 

33 

16 

26 

19 

SO, 000* 

6,667 

1932 

39 

34 

37 

18 

60,000* 

5,000* 

1933 

39 

21 

30 

12 

47,000* 

3,911 

1934 

25 

2S 

31 

14 

40,000* 

3,300* 

1935 

12 

3 

7 

3 

26,000* 

2,166 

1936 

13 


24 

11 




* Estimated by Bryce (46) . 


The analysis of the case reports on hepatic injuries shows that the incidence 
of such accidents has greatly varied in different years. It is reasonable to as- 
sume that there should exist a demonstrable relation between the annual in- 
cidence of hepatotoxic reactions and the annual consumption of cinchophen, as 
given by the U. S. Census of Dyes and Other Synthetic Chemicals (46), if cin- 
chophen exerts a direct toxic effect upon the liver cells (Table 6). 

The production figure for neocinchophen, according to the same source, s oo 
at 6,946 lbs. in the year 1940, and at 7,515 lbs. in 1942. It is noteworthy m this 
connection that, on the basis of the available sales figures, the therapeutic use 
of cinchophen has definitely increased since 1940. The incidence o emc lop en 
hepatitis, on the other hand, as reflected by the published reports, has almost 
reached the vanishing point during recent years. While there were 13 cases 
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placed on record in 1936, 3 were reported in 1937, 1 in 1938, 6 in 1940, and 1 in 
1942. It is likely that because of the present world conditions some of the cases 
may have escaped notice and that others were never reported. Nevertheless, it 
is believed that the available figures reflect an actual trend and that the incidence 
of cincliophen hepatitis has definitely decreased. 

The available evidence indicates that there does not exist a parallelism be- 
tween the number of reported cases of this disease and the amount of cincliophen 
and neocinchophen produced in the United States. It cannot be maintained 
that the decrease of cinchoplien hepatitis reported is due to a reduction of the 
unfavorable publicity which cincliophen has received during the last ten years, 
as the J.A.M.A. has not only published several papers on this subject during 
this period, but has contained also reports from the Council of Pharmacy and 
Chemistry (69), several queries and letters dealing with the hazards connected 
with the use of this drug. The prediction of Hench (161) made in 1932, that 
there would be an increase of the yearly rate of 6 deaths from cincliophen through- 
out the world, when the condition would receive wider recognition, has not come 
true. 

It is apparent that an unusually large proportion of the recorded cases origi- 
nated in the United States, although it is likely that the drug has enjoyed a 
more general and indiscriminate use on the European continent. However, 
not only the regional distribution of cincliophen hepatitis appears to be erratic, 
but also that reported from different hospitals and by different investigators. 
Whether such discrepancies indicate variations in the therapeutic use and in 
the supervision of the patients remains an open question. 

Eaton (88) stated that, between 1933 and 1935, he and his associates adminis- 
tered to arthritic patients in the hospital and in private practice 6,000 ampoules 
of phenylcinchoninic acid in methenamine, and 63,000 capsules of cinchophen 
in methenamine and 33,000 capsules of neocinchophen in methenamine without a 
single instance of deleterious complication. Motzfeldt (243) noted in 1929 that 
2,000 gms. of cinchophen were dispensed in 1927 in the Norwegian Hospital 
with only one case of jaundice, while none was observed in preceding years. 
Eleischmann (107) mentioned that in the Moabit Hospital in Berlin 8,000 gms. 
of cinchophen were prescribed in 1931 without a single therapeutic accident. 
Klemperer (196) was quoted by Eleischmann to the effect that 20 kg. of this 
drug were used within 2 years in the same hospital without any apparent ill 
effects. Snyder, Traeger, Zoll and Lust (335) administered cinchophen to 2,560 
patients within 10 years and observed only one case of mild jaundice and a few 
cases of urticaria. Cursclimann (70) prescribed cinchophen for over 20 years 
and observed only one case of mild liver injury. Schittenhdm (307) made similar 
favorable observations at the Medical Clinic at Munich. 

Less favorable are the observations made at the Hcrtzler Clinic, according to 
the report of Westfall (389). Data were compiled from 1,589 cases, out of a 
total of 2,467 cases, treated with cinchophen (886 cases from 25 to 100 tablets 
195 cases from 259-500 tablets, 47 cases from 500 to 1000 tablets, 11 cases from 
1000 to 1500 tablets). Several patients took the drug daily for 3 to 4 years. 



su 


W. c. HTJEPER 


Hydrocarbons (chloroform, carbon tetrachloride, trichlorethane, ethylene di- 
chloride, tetrachlorethylene), trinitrotoluol, trinitrophenol, dinitrophenol, dinitro- 
benzol, chlorinated naphthalenes, and toxins of certain mushrooms and infectious 
agents (Weil’s disease, yellow fever) (66, 280, 393). 

In the preceding discussion concerning the relationship between the dose re- 
ceived and the development of jaundice, it was brought out that there do not 
exist any fixed connections between these two factors, as the dose varied over a 
wide range and, in many instances, was definitely far below any recognized toxic 
dose for this chemical. Thus cinchophen does not obey the accepted rules exist- 
ing between quantity of a chemical administered and toxic effect elicited. 

TABLE 6 


Annual Distribution of Cinchophen Hepatitis and Production of Cinchophen 


YEAR 

NUMBER OF 
HEPATITIS 
CASES 
PRESENT 
SERIES 

ALL TOXIC REACTIONS (bRVCE) 

CINCHOPHEN 

PRODUCTION 

NEOCINCHOPHEN 

'PRODUCTION 

V. S. A. 

World 

Total 

Fatal 

InU.S.A. 






lbs. 

lbs. 

1923 

1 

0 

1 

0 

32,710 

2,725 

1924 

0 

3 

3 

0 

56,003 

4,667 

1925 

1 

1 

1 

1 

60,722 

5,060 

1926 

12 

0 

13 

4 

79,632 

6,636 

1927 

15 

0 

11 

3 

84,212 

7,017 

1928 

10 

0 

7 

5 

94,330 

7,860 ‘ 

1929 

8 

4 

8 

3 

99,538 

8,294 

1930 

12 

9 

21 

4 

93,765 

8,354 

1931 

33 

16 

26 

19 

80,000* 

6,667 

1932 

39 

34 

37 

18 

60,000* 

5,000* 

1933 

39 

21 

30 

12 

47,000* 

3,911 

1934 

25 

28 

31 

14 

40,000* 

3,300* 

1935 

12 

3 

7 

3 

26,000* 

2,166 

1936 

13 


24 

11 




* Estimated by Bryce (46) . 


The analysis of the case reports on hepatic injuries shows that the incidence 
of such accidents has greatly varied in different years. It is reasonable to as- 
sume that there should exist a demonstrable relation between the annual in- 
cidence of hepatotoxic reactions and the annual consumption of cinchophen, as 
given by the U. S. Census of Dyes and Other Synthetic Chemicals (46), if cin- 
chophen exerts a direct toxic effect upon the liver cells (Table 6). 

The production figure for neocinchophen, according to the same source, stood 
at 6,946 lbs. in the year 1940, and at 7,515 lbs. in 1942. It is noteworthy in this 
connection that, on the basis of the available sales figures, the therapeutic use 
of cinchophen has definitely increased since 1940. The incidence of cinchop en 
hepatitis, on the other hand, as reflected by the published reports, has almost 
reached the vanishing point during recent years. While there were 13 cases 
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placed on record in 1936, 3 were reported in 1937, 1 in 1938, 6 in 1940, and 1 in 
1942. It is likely that because of the present world conditions some of tlie cases 
may have escaped notice and that others were never reported. Nevertheless, it 
is believed that the available figures reflect an actual trend and that the incidence 
of cincliophen hepatitis has definitely decreased. 

The available evidence indicates that there does not exist a parallelism be- 
tween the number of reported cases of this disease and the amount of cinchophen 
and neocincliophen produced in the United States. It cannot be maintained 
that tlie decrease of cinchophen hepatitis reported is due to a reduction of the 
unfavorable publicity which cinchophen has received during the last ten years, 
as the J.A..M.A. has not only published several papers on this subject during 
this period, but has contained also reports from the Council of Pharmacy and 
Chemistry (69), several queries and letters dealing with the hazards connected 
with the use of this drug. The prediction of Hench (164) made in 1932, that 
there would be an increase of the yearly rate of 6 deaths from cinchophen through- 
out the world, when the condition would receive wider recognition, has not come 
true. 

It is apparent that an unusually large proportion of the recorded cases origi- 
nated in the United States, although it is likely that the drug has enjoyed a 
more general and indiscriminate use on the European continent. However, 
not only the regional distribution of cinchophen hepatitis appears to be erratic, 
but also that reported from different hospitals and by different investigators. 
Whether such discrepancies indicate variations in the therapeutic use and in 
the supervision of the patients remains an open question. 

Eaton (88) stated that, between 1933 and 1935, he and his associates adminis- 
tered to arthritic patients in the hospital and in private practice 6,000 ampoules" 
of phenylcinchoninic acid in methenamine, and 63,000 capsules of cinchophen 
in methenamine and 33,000 capsules of neocincliophen in methenamine without a 
single instance of deleterious complication. Motzfddt (243) noted in 1929 that 
2,000 gms. of cinchophen were dispensed in 1927 in the Norwegian Hospital 
with only one case of jaundice, while none was observed in preceding years. 
Eleisclimann (107) mentioned that in the Moabit Hospital in Berlin 8,000 gms. 
of cinchophen were prescribed in 1931 without a single therapeutic accident. 
Klemperer (190) was quoted by Fleischmann to the effect that 20 kg. of this 
drug were used within 2 years in the same hospital without any apparent ill 
effects. Snyder, Traeger, Zoll and Lust (335) administered cinchophen to 2,560 
patients within 10 years and observed only one case of mild jaundice and a few 
cases of urticaria. Curschmann (70) prescribed cinchophen for over 20 years 
and observed only one case of mild liver injury. Scliittenlielm (307) made similar 
favorable observations at the Medical Clinic at Munich. 

Less favorable are the observations made at the Hertzler Clinic, according to 
the report of Westfall (389). Data were compiled from 1,589 cases, out of a 
total of 2,407 cases, treated with cinchophen (886 cases from 25 to 100 tablets, 
195 cases from 250-500 tablets, 47 case3 from 500 to 1000 tablets, 11 cases from 
1000 to 1500 tablets). Several patients took the drug daily for 3 to 4 years. 
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Of ® woman, who received 45 tablets, died with acute yellow atrophy, and two 
additional patients developed jaundice from which they recovered. It is signif- 
icant also that Weir and Comfort (384) recently observed during the 10 years- 
after 1923 nineteen cases of toxic cirrhosis due to cinchophen at the Mayo Clinic. 

Additional evidence concerning the relation between the incidence of cincho- 
phen hepatitis and the total amounts of this drug used was provided by White 
(391), who estimated that approximately 100,000 lbs. of cinchophen and its 
derivatives are consumed annually in the United States. Ass umin g that the 
average dose is 0.5 gm. he calculated that a total of 875,000,000 doses were 
given 'within 10 years. Since a total of 88 deaths from cinchophen have been 
reported during this period from U.S.A., Germany, England, and Austria-Hun- 
gary, there would be only one death for much more than 10,000,000 doses of cin- 
chophen. Snyder and his coworkers (335), who attributed only 18 deaths to 
cinchophen and cinchophen preparations during the years 1913-1933, arrived 
at even a much lower figure, i.e., 1 death per 100,000,000 doses. The data sup- 
plied by Weir and Comfort (384), however, suggest that cinchophen may cause- 
considerably more than one death in 10,000,000 doses. Von Oettingen (375) 
estimated in 1933 the occurrence of one therapeutic accident for 500,000 doses- 
given. 

It is obvious that the more optimistic of these estimates are understatements 
as to the degree of hazard present, as, doubtlessly, an unknown number of addi- 
tional cinchophen accidents was not reported. In some of these cases the causal 
relationship probably Avas not recognized, Avhile in others an incorrect diagnosis 
of the liver disease present may have been made, such as carcinoma of the liver 
(389). HoAvever, compensating at least in part for these considerations favoring 
a higher cinchophen toxicity is the fact that jaundice occurs in arthritic patients 
Avithout the intervention of this drug (197) . Sager (301) analyzing the incidence 
of jaundice in arthritic patients at the Mount Sinai Hospital in Neiv York found 
that during the years 1921 to 1935 there were 10 cases of jaundice folloAving the 
administration of cinchophen against 20 cases of jaundice which had not re- 
ceived this drug. Sager (301) concluded from these statistical data that cin- 
chophen may have been accepted too readily as the causative factor for certain- 
cases of jaundice, an opinion which Avas also previously voiced by Mallory (48). 
In view of the relative rarity of cinchophen hepatitis in gouty patients, it may 
be mentioned that jaundice is rarely seen in association Avith gout (103). 

The incidence of cinchophen hepatitis is not large enough to be recognized in 
the statistical death rate of yelloAV atrophy of the liver, Avhich has lemained uni- 
form for 35 years before and after the introduction of cinchophen and. i elated 
drugs which have been introduced since 1902 (69, 46). The total. clinical evi- 
dence thus does not support the concept that cinchophen exerts a direct chemo- 
toxic effect upon the liver cells. 

This conclusion is supported by the negative outcome of most of the experi- 
ments in AA r hich it Avas attempted to reproduce in animals by the repeated ad- 
ministration of toxic doses of cinchophen or neocinchophen hepatic changes 
such as those seen in man. 
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The following positive results were recorded. Biberfeld (29) reported in 1913 
that a dog which had received 2 times 5 gms. of cinchoplien died with hepatic 
lesions resembling those of acute yellow atrophy. Chen (58) stated in a brief 
discussion remark that dogs which had been given small to moderate doses of 
cinchoplien showed at death, after several weeks on this management, an acute 
yellow atrophy of the liver. Surviving animals had at this time yellow colored 
conjunctival membranes and revealed later at autopsy similar hepatic lesions. 
The same changes were seen in dogs which had received for many months cin- 
chophen in amounts which were about half ofthosegivcntothe dogs ofthefirstset. 
Churchill and Van Wagoner (62) observed in 3 dogs, which had been given for 
8 to 10 days, when they refused to cat, 27 times the human therapeutic dose 
(595 mg., /kg.) of cinchoplien mixed with the food, first a marked rise in the urea 
N content of the blood and then a depression of this value. One of the dogs 
showed at autopsy an ulcer' of the stomach and scattered coagulation necroses of 
the liver. Similar observations were made in a second series of dogs, in which 
the decrease in the urea N level was associated with a positive bromosulphthaleine 
test. When dogs were given 600 mg./kg. of sodium cinchoplien by mouth, 
causing death after 3, 4, 9 and 21 days, Barbour and Fisk (9) found at autopsy 
yellow mottled kidneys and large yellow spotted livers of jelly-like consistency 
having extensive necroses of the hepatic parenchyma. Dogs which received 
daily doses of from 50’to 400 mg./kg. of cinchophen for from 4 to 33 days re- 
vealed necroses of the liver and tubular degeneration of the kidneys. Of several 
dogs which were given 600 mg./kg. of neocinchophen daily for 7 weeks, one 
showed at death widespread liver necroses, while of two dogs given 1 gm./kg. 
daily for 4 weeks one had diffuse necroses of the liver. 

In rats which had been given 600 mg./kg. of cinchoplien daily by mouth for 
49 days, Barbour and Fisk (9) saw necroses of the liver. These were scattered 
in animals which were killed after 8 to 15 days on this treatment, but were diffuse 
in those which were sacrificed after 49 days. Rats which received 400 mg./kg. 
of the drug for 14 days were without liver pathology, while those which were 
given 800 mg./kg. daily revealed occasional necroses in the liver. Rats which 
were fed 1 gm./kg. of cinchophen by mouth exhibited moderate to diffuse necroses 
of the liver. Similar observations were made by Reichle (288) in rats which 
were subcutaneously injected with 1-2 gms./kg. of cinchophen dispersed in 
gum acacia solution. There were, on the other hand, no cirrhotic changes in 
the livers of rats kept on a diet containing 0.2 to 0.5 gm./kg. of cinchophen over 
prolonged periods. Similarly negative results were obtained when the livers 
were first injured by the treatment of the rats with chloroform followed by the 
administration of cinchophen. Knoble and Smith (200) injected subcutaneously 
rats with 250 mg./kg. of cinchophen for 12 to 32 days (total dose 641 mg. to 
1,748 mg.) and found in seven of seventeen rats a mottled, yellowish brown 
liver containing marked cloudy swelling of the liver cells, hemorrhages, and, in a 
few instances, scattered necroses. Barbour and Fisk (9) concluded from the 
evidence available that the hepatotoxic action of cinchophen and its derivatives 
rvas definitely established. 
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However, when these investigators repeated their experiments on rats which 
were subjected to various dose levels of cinchophen and the hepatic resistance 
was in some of them weakened by the administration of chloroform or starvation, 
they did not succeed in obtaining in a single instance any degenerative changes 
of the liver. Even when 750-3,000 mg./kg. of cinchophen were given, the rats 
died without any evidence of liver damage. In view of these consistently nega- 
tive results, Barbour and Gilman (10) were forced to admit that cinchophen 
hepatitis can not be experimentally produced at will. Lehman and Hanzlik 
(210) fed young rats a synthetic diet containing 0.5, 1 and 2.5 per cent of cin- 
chophen and 1 and 2.5 per cent of neocinchophen. There was some retardation 
of growth, especially in the series receiving the diet with the higher concentrations 
of cinchophen. The livers of rats killed on the 17th day were normal. Radwin 
and Lederer (283), investigating the effect of high carbohydrate and low carbo- 
hydrate diets upon the toxicity of cinchophen in rats, found that rats placed on 
such diets and receiving up to 10 times the human therapeutic dose of cinchophen 
into the muscle exhibited, after various lengths of time on this treatment (up to 
135 days), noncharacteristic liver changes, which did not resemble those of acute 
yellow atrophy. They concluded that cinchophen probably lowers the resistance 
of the liver to hepatotoxins. 

In the report of Schering and Kahlbaum (303) mention is made of the fact 
that rats receiving 60 mg./kg. of cinchophen daily by mouth remained alive and 
healthy for many months. If 180 mg./kg. of cinchophen were administered 
subcutaneously daily for an additional three months to these rats no apparent 
harm was done. Rats which received 210 mg-Ag- subcutaneously lived for 3 
months, while those receiving 360 mg./kg. died within 14 days. The livers of 
these animals showed fatty infiltrative changes, but not necroses. Ilueper (182) 
confirmed these negative findings on rats which received 60 mg./kg. daily by 
mouth with their regular food for a period of 3 months. When young rats were 
kept on a synthetic diet containing 2 per cent of gelatine which represented the 
only source of protein and which has a low methionine content (0.8 per cent), 
and received 0.06 gms. of cinchophen daily for 2 months, the livers exhibited 
only minor degenerative changes in general and were in a better condition than 
the livers of rats receiving the protein and methionine deficient diet only. 

Kl emperer (196) injected intravenously rabbits with 10 to 20 times the human 
therapeutic dose of cinchophen “without producing any atrophy of the 15 ^er or 
other- definite degenerative changes. He concluded that from this result one 
must be cautious in assuming that cinchophen generally produces acute yellow 
atrophy of the liver. Lehman and Hanzlik (210) gave cinchophen to rabbits 
by stomach tube, after having previously poisoned some of them with chloroform 
or phosphorus. The liver function tests of the last groups of rabbits improved 
during the subsequent period of cinchophen medication providing thereoy pi oof 
that cinchophen did not aggravate the liver damage caused by typical liver 
poisons. Similarly negative results were observed in rabbits receiving ten times 
the human therapeutic dose (30 mg-Ag-) of cinchophen for 45 days by Myers 
and Goodman (245). There were only minor liver lesions in these animals. 
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•while the tests for urobilinogen and the van den Bergh tests were negative. 
Radwin and Lederer (283) following the example of Opie (256) who found that 
liver damage elicited by chloroform in dogs was accentuated by the simultaneous 
injection of bacterial cultures, gave coincident intramuscular administrations of a 
10 per cent solution of sodium cincliophen and of cultures of living bacteria to 
rabbits without causing any liver injury. 

Myers and Goodman (245) gave to dogs for 17 days 2 to 5 times the human 
therapeutic dose of cincliophen without eliciting appreciable liver injury. Ivy 
and coworkers (4) were unable to produce in dogs any lesions resembling yellow 
atrophy or cirrhosis when these animals received several times the human thera- 
peutic dose of cincliophen by mouth. Only when veiy large amounts of cin- 
chophen were administered were degenerative liver changes observed. These 
investigators concluded that cinchophen did not act like a hepatotoxin. Stalker, 
Bollman and Mann (341) never saw in their many dogs subjected to toxic doses 
of cinchophen any jaundice or liver injury. Ilueper (182) administered to five 
dogs, weighing around 10 kg., a daily dose of 2.5 gms. of cinchophen. The 
animals died after 5 to 24 days, showing mild edema and degenerative changes 
of the liver. Similarly negative results as to the production of yellow atrophy, 
were obtained in 30 mice, weighing 25 gms., and given by stomach tube 10 mg., 
of cinchophen for a period of up to two weeks, and in two M. rhesus monkeys 
weighing 6.5 kg., and 8 kg., respectively, and receiving orally 1.5 gm. and 2.0 
gm., respectively, of cinchophen by mouth for two to four weeks. 

In judging the value of the experimental evidence, it is important to note that 
all experiments were performed with doses of cinchophen which are out of pro- 
portion to those used therapeutically in man. The effects obtained by this 
method in experimental animals are, therefore, not strictly comparable to the 
changes seen in man. The liver lesions described by some of the investigators 
differ distinctly in some instances from those characteristic of acute yellow 
atrophy; in others they may have been complicated by post mortem autolysis 
producing, thereby, a histological picture having perhaps a faint resemblance to 
that found in yellow atrophy. It is obvious that the bulk of the evidence ob- 
tained in mice, rats, rabbits, dogs and monkeys substantiates the conclusion of 
Lehman and Hanzlik (210), that there is no reliable proof that cinchophen is a 
liepatotoxic agent. The available experimental evidence indicates that cin- 
chophen does not aggravate liver injury- produced by previous chloroform or 
phosphorus poisoning. It does not interfere with the recovery from these condi- 
tions nor does it elicit such lesions if animals are kept on a diet low- in carbohy- 
drates or proteins, which are presumed to lower resistance to typical liver poisons. 

With the elimination of a direct chemotoxic action of cinchophen upon the 
liver cells as the cause of the acute yellow atrophy and toxic cirrhosis observed 
in man after the administration of this drug, the possibility of a chemoallergic 
mechanism deserves serious consideration. Quick (278) suggested that a con- 
jugation product of hydroxycinchophen with glucuronic acid might act as a hap- 
ten causing a sensitization of the organism, with the liver acting as the shock 
organ. Willcox (393) pointed out that idiosyncrasy plays an important role in 
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the production of toxic jaundice, such as that following the administration of 
arsenobenzol, gold salts, diethyl stilbestrol, plasmoquine, and quinoline deriva- 
tives. He suspected that a lack of nutrition of the liver cells is connected with 
the development of an allergic liver necrosis. Other quinoline derivatives than 
cinchophen (yatren) have occasionally elicited acute yellow atrophy (401, 175, 
87). In favor of an allergic origin, mention may be made of the positive skin 
reactions occasionally obtained with cinchophen in persons noth cutaneous and 
hepatic reactions. However, skin sensitivity does not necessarily accompany 
hepatic susceptibility. The nude variations in the dose of cinchophen previous 
to the appearance of toxic jaundice, and the erratic and scattered appearance of 
this reaction among patients treated with this drug, supply additional evidence 
supporting the allergic concept. It must be conceded, however, that the entire 
evidence is of purely circumstantial nature, and that the mechanism of the de- 
velopment of a chemoallergy to cinchophen leading to an acute yellow atrophy 
of the liver is as obscure as that of most other allergic drug reactions, which have 
become increasingly important in recent years, especially by the production of 
serious blood diseases. 

There exists the possibility that a third mechanism may be active in the pro- 
duction of cinchophen hepatitis. In vivo experiments have shown that cincho- 
phen medication causes a disturbance in the immune status of the body by act- 
ing upon the circulating and fixed antibodies. It is conceivable that such changes 
may help in the activation of latent hepatotoxic infections, such as those caused 
by viruses. The possible existence of such an interrelation is suggested by the 
fact that toxic jaundice has appeared in relatively few patients suffering from 
the metabolic disorder of gout, while it has affected mainly individuals with 
chronic infectious arthritis. Consideration also should be given to the possibility 
that such virus infections might have been occasionally transmitted by the use 
of improperly sterilized needles when cinchophen preparations or other medica- 
tion were given parenterally, inasmuch as such accidents have occurred following 
the injection of insulin (86, 234). It may be mentioned in this connection that 
cinchophen does not exert any bactericidal properties against gram positive and 
gram negative microorganisms, according to the results obtained in in vitro 
experiments. 

Despite the existing uncertainty concerning the actual mechanism which is 
responsible for the development of acute yellow atrophy and toxic cirrhosis of 
the liver in the cases reported, there can be little doubt that cinchophen therapy 
was in some way involved in the development of most of these complications. 
Every physician who prescribes cinchophen and every patient who takes this drug 
should be familiar, therefore, with this serious hazard, even though it affects 
only the exceptional individual. 

E. Contraindications to the Use oe Cinchophen 

In the absence of adequate evidence on which to base a reliable estimate of 
the relative dangers connected with cinchophen therapy, numerous contraindi- 
cations to its use have been proposed. The following conditions have been 
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noted in this respect: previous and coexisting disease of the liver and gallbladder, 
especially jaundice, eclampsia, circulatory disturbances affecting the function 
of the liver and of the kidney, renal diseases which may interfere with the ex- 
cretion of cinchophon and its metabolites, allergic disorders (hay fever; bronchial 
astluna; allergic dermatoses); malnutrition causing a depletion of the glycogen 
and protein contents of the liver (278, 73, 280, 38G, 354, 219). Hoegler (175) 
mentioned that persons with hyperthyroidism were especially sensitive to cin- 
chophen, while Schaffler (302) noted that the treatment of jaundice with cincho- 
plicn was irrational, as it had caused an aggravation of this condition in some 
cases (249). Quick (278) advised that during the treatment with cinchophen no 
foreign proteins or vaccines should be given, and Westfall (389) warned before 
the use of heavy metals (mercuiy) and arsenic in combination with cinchophen. 
Others mentioned iodides in this respect. The main reason for considering 
these diseases and therapeutic measures as contraindications to cinchophen 
therapy is the fear that they might increase the chances for the development of 
cinchophen hepatitis. 

In general such conclusions arc not based upon actual clinical evidence demon- 
strating the existence of these alleged interrelations, but they are drawn from 
an analogy with clinical nnd experimental observations showing that a diet low 
in carbohydrates and/or protein and high in fat content lowers the resistance of 
the liver to poisoning noth typical liepatotoxins, such as phosphorus and chloro- 
form, and that, on the other hand, diets high in carbohydrates and proteins and 
low in fat decrease the hepatic susceptibility to these poisons (257, 75, 239, 137, 
177, 235). Himsworth and Glynn (172) demonstrated that rats kept on a diet 
deficient in protein and, particularly, in methionine, developed massive liver 
necroses, such as those seen in acute yellow atrophy in man. 

It is doubtful, however, whether or not all these contraindications have any 
real value as far os the cinchophen hazard to the liver is concerned. All experi- 
mental observations on the aggravation of hepatotoxic dietary deficiencies and 
of toxic liver injury by subsequent cinchophen administration have been nega- 
tive, as noted above. Mention, however, may be made of the fact that the 
gastrointestinal disturbances sometimes elicited by cinchophen and resulting in 
loss of appetite, vomiting and diarrhea, thereby producing a state of malnutri- 
tion, have been noted to precede the onset of jaundice in some cases. There is 
reason to believe also that other contraindications listed may have as much 
merit. It is, for instance, purely speculative that allergic disorders of non- 
cinchophenic type should favor the development of similar reactions by this 
drug. 

As contraindications to the continued use of cinchophen, the following mani- 
festations are listed: jaundice, itching, hives, rashes, nausea, vomiting, loss of 
appetite, vasoneurotic reactions, and similar untoward responses appearing 
after the administration of the drug and presumably caused by it. They are 
regarded as an indication for the immediate stoppage of any further cinchophen 
medication. Although there is some uncertainty in regard to the Validity of 
some of these contraindications, it seems to be wise to adopt a conservative at- 
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titude in this respect as long as the present state of ignorance concerning the 
actual factors involved in the causation of cinchophen hepatitis exists. 

F. Preventive and Therapeutic Measures in Cinchophen Poisoning 

Measures directed at the prevention of untoward and, especially, hepatotoxic 
reactions to cinchophen are of diagnostic, dietary, and medicinal nature. It is 
advisable to test, in intervals during and some time after the treatment with 
cinchophen, the urine for urobilinogen and the serum for its content of bilirubin, 
so as to discover the earliest signs of liver damage (283). Inasmuch as the im- 
pression prevails that a continuous medication with cinchophen favors the de- 
velopment of liver injury, most clinicians have adopted an intermittent type of 
treatment leaving free intervals between the courses so as to permit the liver to 
recover from any potential degenerative effects. It is recommended, moreover, 
to administer the drug in doses not exceeding 3 gms. per day and with large 
amounts of liquids so as to aid its excretion, to give sodium bicarbonate with it, 
so as to counteract any gastric irritation, and to feed a diet providing ample 
amounts of carbohydrates (sweetened lemonade, cake, flour, sugared fruits, etc.), 
so as to keep the glycogen content of the liver at a high level (44). 

Quick (278) suggested that the detoxification of cinchophen be stimulated in 
the body by feeding glycine, as, in his opinion, this chemical is conjugated with 
cinchophen in this process. Hueper (182) introduced into mice by stomach tube 
lethal doses of cinchophen (25 mg. of the drug per 25 gm. mouse) and combined 
this treatment in additional series of mice with the administration of 25, 50, and 
75 mg. of ascorbic acid, and of 25 mg. of ascorbic acid plus 25 mg. of cysteine 
hydrochloride, respectively, in an attempt to accentuate the detoxication of 
cinchophen. The experiment was repeated three times. There were no ap- 
preciable and consistent effects upon the mortality rate of the mice receiving the 
detoxicants compared with that in the control series. Similarly negative was 
the outcome of experiments in which sublethal toxic doses of cinchophen were 
given to mice, rats and dogs in conjunction with ascorbic acid and methionine 
over periods of several weeks. In no instance did the administration of the de- 
toxicants exhibit any protective power against the toxic and ultimately lethal 
action of the drug. Peptic ulcers of the stomach were as frequent in the control 
dogs as in the dogs receiving 2.5 gms. of cinchophen plus 1, 2, and 3 times equiv- 
alent doses of ascorbic acid. 

In evaluating the experimental data on the effect of detoxicants upon the 
lethal and toxic effects of cinchophen in various species of animals, it must be 
realized that the protective mechanisms of the human organism in many in- 
stances respond quite differently from those of the common laboratory animals, 
i.e., different species vary in their use of the available detoxicating agents (sul- 
furic acid, acetic acid, choline, glucuronic acid, glycine, glutamic acid, cysteine, 
methionine, ornithine, etc.) for the metabolization of the same chemical poisons 
(313). 

Rawls (285, 286) reported that patients receiving vitamin K and bile in con- 
junction with cinchophen revealed a distinctly lower incidence of toxic reactions 
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of the skin, gastrointestinal tract, and nervous system than patients treated 
with cinchophen only. 

When toxic jaundice once has developed it has become the rule during recent 
years to administer dextrose solution by vein and proper amounts of insulin 
subcutaneously, so as to stimulate the defensive power of the liver (72, 51, 93). 
So far no practical use, apparently, has been made of methionine medication in 
cases of cinchophen hepatitis, since the injection of solutions of this aminoacid 
allegedly has been beneficial in several cases of liver injury caused by chlorinated 
hydrocarbons. 

It is apparent from these considerations and observations that patients re- 
ceiving cinchophen therapy deserve close medical supervision so as to reduce to a 
minimum the possibility of fatal therapeutic accidents. If the proper precau- 
tions are taken, the medicinal use of cinchophen or neocinchophen appears to be 
as safe as that of many other modem and valuable chemotherapeutic agents 
which have given rise to occasional dangerous drug reactions. Cinchophen seems 
to compare favorably, for instance, with gold compounds which were introduced 
for the treatment of arthritis. Snyder (334) stated that the gold therapy of 
arthritis causes, not infrequently, untoward reactions which are serious in 3 per 
cent of the cases, according to his own observations, and in G per cent, according 
to other investigators. Snyder (334) estimated that 1 per cent of these cases 
probably end in death, while Bauer noted a therapeutic fatality rate of one 
death in every 200 cases treated. 

G. Therapeutic Usd of Cinchophen 

Cinchophen and its derivatives have been employed for a wide variety of dis- 
ease conditions. However, for certain purposes [choleretic (44, 45, 179, 148); 
contrast medium for gall bladder visualization (276, 315)1 they have been re- 
placed by more efficient and less dangerous medicinal agents. Cinchophen and 
cincliophenates are still used for their uricosuric, antipyretic, analgesic, and 
antiphlogistic properties. 

Gout: Cinchophen is the first new remedy for gout since the introduction of 
colcliicin preparations during the Middle Ages. Westfall (389) considers it 
the remedy par excellence for this condition. It has been used and it is still 
used for this disease on an extensive scale and with recognized success as a pre- 
ventive of acute attacks as well as an abortive during an attack, where it brings 
symptomatic relief from pain and from swelling and redness of the affected joints 
within 24 hours (367, 382, 164, 165, 138, 51, 176, 118, 15, 307, 20, 196, 16, 290, 
293, 189, 163). However, it apparently has no effect, or very little, upon the 
mobilization of the urates in the tophi (51, 332). It has been stated that cin- 
chophen should not be administered during an attack of gout as the elimination 
of uric acid takes place as rapidly as possible and cannot further be stimulated 
by the drug. This conception of the aatigout mechanism of cinchophen rests 
upon the belief that the beneficial action of cinchophen is mainly an uricolytie 
one. It is not likely that this interpretation is entirely correct inasmuch as 
Klemperer (196), and Lublin (220) emphasized the fact that they observed 
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favorable results upon acute attacks of gout from derivatives of cinchophen 
which did not possess any uricolytic qualities. The antiphlogistic action seems 
to play an important role. The rationale of the mentioned recommendation is 
therefore doubtful. 

Hench (164) administers during an acute attack of gout 0.5 gm. of cinchophen 
3 to 4 times daily for 3 days or 0.3 to 0.5 gms. of neocinchophen 3 times daily in 
conjunction with a consumption of at least 2 liters of water, a medication of 
alkalies, and a diet rich in carbohydrates. Weintraud (382) gives a total' of up 
to 10 gms. of cinchophen within 3 to 4 days and discontinues, then, its medica- 
tion as the effect of cinchophen wears off. Schittenhelm (307) recommends the 
administration of 0.5 gms. of cinchophen 3 to 4 times daily for 3 to 4 days, fol- 
lowed by a einchopheh-free interval of 8 days. 

Graham (138) observes the following scheme of cinchophen therapy for the 
prevention of acute attacks and for the relief of the chronic joint conditions: 
1.25 gms. of cinchophen 3 times daily for 3 days, followed by a rest period of 
3-4 days; then start of another course. Several of his patients have followed 
this management for several years and have consumed up to 600 gms. of the 
drug without bad effects. Weintraud (382) emphasizes that the use of cinchophen 
is especially indicated during the early part of the disease so as to prevent the 
development of the disabling articular and renal complications. Sherwood and 
Zimmerman (323) recommend the use of wine of eolchicum during the acute 
attack until intestinal symptoms appear. After relief from the acute symptoms 
is obtained, they give 1 gm. of cinchophen 4 times daily for one week, with 0.5 
gms. daily during the second and third week; then they omit one day from the 
daily routine of cinchophen medication during the following week and increase 
the omission by one day each successive week. 

Hollander (176) proposes, for the prophylactic treatment of gout, the adminis- 
tration of 0.5 gms. of neocinchophen 3 times daily for 2 to 3 days each fortnight. 
He believes that a more continued medication of cinchophen is inadvisable since 
the uricosuric effect of the drug weakens after 3 days. Baronigian (15) develops 
the following schedule of intermittent treatment of gout: for 6 days daily 0.5 
gms. of cinchophen after meals 4 times daily together with 4 times 1 liter of water; 
following a rest period of 15 days, 0.5 gms. of the drug are given 3 times daily 
for 8 days together -with 3 liters of water; after 2 weeks of rest, 0.5 gms. of cin- 
chophen 2 times daily for 12 days together with 2 liters of water; following a 
rest of 30 days, 0.5 gms. once daily for 24 days with water ad libitum. Annegers, 
Snapp, Ivy and Atkinson (5) place the daily dose of cinchophen in gout at 7-28 
mg. per kg. 

It may be mentioned that Daniels (71) recommended that cinchophen be 
combined with lithium salts in the treatment of gout so as to accentuate the 
mobilization of urates in the tophi. Argentin and Itatti (/ ) combined cincho- 
phen (4 gms.) with 800 units of ascorbic acid and claimed an improved effect 
upon the manifestations of gout. 

Rheumatic Polyarthritis: This disease represents the second important thera- 
peutic indication of cinchophen and its derivatives. Hanzlik (154) noted that 
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cinchophen and congeners act upon rheumatic infection like the salicylates, and 
effect a rapid disappearance of redness and swelling of the joints, a marked 
reduction in body temperature and a production of abundant perspiration in 
many, but not all, instances. Some clinical observers considered neocinchoplien, 
cinchophen or atophanyl superior, in their antirheumatic action, to aspirin 
2, 24, 251, 196, 188, 152, 255, 57. Several investigators noted that cinchophen 
helped in cases in which salicylates failed to bring relief (24, 359). Hanzlik, 
Scott, Weidenthal and Fetterman (155) did not find cinchophen superior to 
salicylates in the treatment of acute rheumatic infection, while Pfeffer even 
found it inferior to the salicylates. 

Miller and Boots (238) noted that neocinchophen was less effective in its 
antipyretic action than cinchophen. Swift (358) and Neukirch (251) stated 
that relapses in rheumatic fever occurred more often after cinchophen treatment 
than after salicylates, while McLester (227) reported failures of cinchophen in 
the treatment of rheumatism. Fischer (106) reported prompt and good results 
especially in regard to the relief of the arthritic symptoms from the use of ato- 
phanyl. Good effects were recorded by Brahn (39) who used leukotropin in 35 
cases of rheumatism and noted the regression of pain within 3 to 10 minutes. 
Bendix (24) found methyl- and methoxy derivatives equally effective in 100 
cases, 45 of which were completely cured. Klemperer (196) asserted that the 
antiphlogistic action of cinchophen is responsible for the antirheumatic effect. 
There is no evidence that cinchophen prevents the development of the rheumatic 
lesions of the heart valves (154). 

Barbour, Lozinsky and Clements (12) recommended the following regime: 
2 gms. of cinchophen every' hour for 3 hours, followed by 1 gm. every 4 hours 
(4-5 times a day). A total of 10-16 gms. are usually needed to bring about 
complete relief. Some cases, however, require up to 50 gms. of cinchophen. 
Hanzlik, Scott, Weidenthal and Fetterman (155) obtained partial relief after 
3-6 gms. of cinchophen, and complete relief after 10-13 gms. of cinchophen, 
with depression of temperature occurring at the end of 8-12 hours, or 16 gms. of 
neocinchophen, with depression of temperature appearing at the end of 24 hours. 
Boots and Miller (35) administered in some cases total doses of neocinchophen 
up to 282 gms. within 32 days, and 440 gms. within 118 days. Cecil (54), on 
the other hand, recommended the use of cinchophen only when other remedies 
have failed. 

Erythema Nodosum: Ehrlich (91) reported prompt Telief in one case of 
erythema nodosum within 24 hours after the intravenous injection of leuko- 
tropin. 

Arthritis: Chronic arthritis has offered in the past years a wide field for the 
therapeutic use of cinchophen and is still employed for this purpose, especially 
when other therapeutic agents failed to bring relief from pain. It exerts here its 
beneficial effect by its analgesic and antiphlogistic action, but has no influence 
upon the basic causal mechanism of the joint condition (349, 88, 390, 371, 275) 
Eaton (88) prescribes, in chronic arthritis, 0.5 gms. of cinchophen or’neoc’incho- 
phen plus 0.5 gm. of methenamine in capsules, 1-2 capsules 3 times daily for 3 
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days, or 0.5 gm. of phenylcinchoninic acid in 10 cc. of a 34 per cent methenamine 
solution, 1 to 2 times weekly. Stones (349) gives 1 gm. of cinehophen 4 times 
daily,, sometimes continuously, over long periods. Even obstinate cases of 
chronic arthritis may show temporary relief by this treatment (390). • 

Miscellaneous Diseases: Smith and Hawk (332) saw good results from cincho- 
phen medication in inflammatory conditions of the eye. Mindana and Del 
Grande (240), and Graf (136) found that cinehophen does not definitely influence 
dermatoses associated with an increased uric acid level of the blood. Cinehophen 
and its derivatives have been used extensively as analgesics in the treatment of 
all kinds of painful conditions, such as neuritis, lumbago, ischias, muscle pain, 
pleurisy, toothache, etc. with varying success. 

H. Medicinal Status of Cinchophen 

The occurrence of serious therapeutic accidents in the form of toxic jaundice 
with not infrequent fatal outcome and the publicity connected with these compli- 
cations have discouraged many physicians from using this drug. However, 
the professional. opinions concerning the relative merits of cinchophen and its 
congeners as medicinal agents are sharpy divided, and depend mainly upon the 
individual estimation of the degree of hazard connected with their therapeutic 
use. 

A completely negativistic attitude is assumed in this respect by Comroe (66) 
who states that the high mortality attending cinchophen hepatitis and the lack 
of therapy argues against the use of drugs containing cinchophen or its deriva- 
tives. A similar judgment is passed by Myers and Goodman (245) who hold 
that therapeutic employment of cinchophen is not justifiable in view of the 
evidence of its toxicity. Fantus (101) asserts that the use of cinchophen should 
be abandoned and neocinchophen should not be employed in patients offering 
the above mentioned contraindications. Carroll and Elliott (51) conclude 
that, in view of the dangers incident to the administration of cinchophen, the 
unknown susceptibility of individuals to its toxic effects and the length of time 
which may pass after its administration before toxic manifestations appear, it 
seems unwise to administer cinchophen as a therapeutic agent under any circum- 
stances, especially' since many harmless and equally effective analgesic drugs 
are readily available for use. Bauer and Klemperer (20) want to exclude cincho- 
phen from any further therapeutic employment in the treatment of gout. 

An intermediary position permitting a restricted use of cinchophen containing 
drugs is taken by other investigators. In an editorial remark to a paper of 
Hench, Bauer, Boland, Dawson, Freyberg, Holbrook, Key, Lockie, and McEvyen 
(165) it is stated that cinchophen never should be given for any type of arthritis 
except gout, and then only when gout cannot be controlled adequately by other 
measures. Some clinicians would not even use cinchophen under such con- 
ditions. A similar position toward the therapeutic employment of this drug is 
taken in an answer to a query which appeared in the J. A. M. A. (97:409, 1931), 
in which the following statement is made: “In view of the serious though rare 
poisoning from ordinary doses of cinchophen, the use of this drug should be 
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restricted to cases in which other non-nnrcotic analgetics, such as salicylates, 
acetylsnlicylic acid or amidopyrine, have been tried and failed to give adequate 
relief, and in which the suffering is sufficiently great to justify the risk. Even 
then, it would bo advisable to use neoeinchophen”. Lehman and Hanzlik (210) 
note' that the legitimate and ordinary therapeutic medication, including the 
intensive treatment for rheumatic fever, given under the direction of a physician, 
is generally safe and capable of producing well-known benefits. They believe 
that the undesirable consequences of far-fetched strictures of a useful remedy are 
the dangers of medicolegal complications resulting from legitimate medication 
(381). Graham (138) is very loath to suggest that cinchophen should be 
abandoned for the treatment of gout as the results are so good in thegreat majority 
of gout patients. Palmer (2G0) advises that its use bo restricted to gout patients, 
who are able, with rare exceptions, to take cinchophen for years without difficulty. 
Westfall (389) concludes from an analysis of the effects of cinchophen on a series 
of 2,407 patients with arthritis, lumbago, neuritis, and gout that the risk is small 
compared to the benefits obtained from cinchophen therapy. 

Waggoner (371) comments that it is logical to believe that there may be an 
idiosyncrasy to cinchophen, just as there is to many other valuable drugs, and 
that it should not be discarded because of the unfortunate reaction of a few 
cases. He asserts that these drugs may be prescribed safely when a proper 
indication for their use exists. Comfort (65) voices the opinion that in the face 
of many deaths the continued use of cinchophen must be justified on definite 
grounds that in a particular case its use alone gives relief or much greater relief 
than less toxic analgetics. Hench (1G4) concedes that the administration of 
cinchophen to patients with gout carries a definite, while small, risk which some 
physicians never condone, but .which most students of gout consider justifiable if 
gout is uncontrollable otherwise. He argues that. the risk taken must be con- 
trasted with that of the disease itself: in from 10-20 or more per cent of cases 
gouty nephritis develops which sometimes is fatal, and the incidence of renal 
colics from urate gravel and of cardiovascular lesions is notable. Since the 
disease thus carries a much greater risk than its treatment with cinchophen, it 
seems justifiable, in the opinion of Hench, to assume the small risk of the latter, 
when necessary, to try if possible to prevent the articular, renal and vascular 
consequences of gout. He insists, however, that patients should be told of the 
risk of toxic reactions from cinchophen and should be instructed to report to 
their physicians any of the various toxic manifestations listed above as contra- 
indications for the continued use of this drug, so that counter-measures can be 
instituted at an early moment. 

Schittenhelm (307) believes that the hazard of fatal injury from cinchophen 
is so minimal that any restrictions to its therapeutic use are not justifiable. He 
does not favor having cinchophen placed among the drugs obtainable only by 
prescription, as advoacted by Cochen and others. 

In 1941 Klumpp (199) attempted to obtain a cross section of medical opinion 
on the use of cinchophen by addressing a questionnaire with 4 questions on this 
subject to the full professors of medicine, pharmacology and pathology and the 
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clinical professors of medicine of the class A schools, as well as to those who had 
contributed to the literature on drugs. To the questions “Do you consider 
cinchophen and cinchophen derivatives indispensable therapeutic agents in the 
physician’s armamentarium?” 217 or 82 per cent answered “No”, 36 or 14 per 
cent answered “Yes”, while 13 answers or 4 per cent were disqualified. To the 
second question “In your judgment do cinchophen and cinchophen derivatives 
have any essential therapeutic effect which cannot be accomplished more safely 
by properly regulated doses of other medicaments?”, the answer was “No” in 
189 cases or 71 per cent, “Yes” in 63 cases or 24 per cent, while 14 answers or 5 per 
cent were disqualified. The third question “Can cinchophen and cinchophen 
derivatives be ad mini stered in therapeutically active doses by physicians or by 
others with confidence that serious deleterious effects will not supervene?” was 
answered by 211 or 79 per cent with “No”, by 34 or 13 per cent with “Yes”, 
while 21 answers or 8 per cent were disqualified. The answers to the fourth 
question “Can the pathology of cinchophen poisoning be counteracted or cured 
by specific measures once the symptoms of poisoning have appeared?” were 
“No” in 205 cases or in 77 per cent, “Yes” in 28 cases or 11 per cent, while 33 
cases or 12 per cent were disqualified. 

The relative value of the opinions expressed in the answers to this question- 
naire rests on the actual, well considered and controlled experience which the 
individuals expressing these opinions had with these chemotherapeutic agents. 
From an analysis of the data published in the medical literature, one is inclined 
to agree with a statement made in an editorial published in 1941 in the J. A. M. A. 
in which it is noted that there is an urgent need of controlled clinical studies of 
those conditions in which cinchophen is used, of its relative dangers, when 
contraindications are observed, and of the treatment of poisoning induced by 
cinchophen or allied drugs. , 

The evidence presented makes it advisable that the use of cinchophen and its 
derivatives for the treatment of ordinary colds, headache, neuritis, and similar 
conditions, requiring analgetic agents, should be entirely discontinued, since the 
risk entailed by the disease does not justify the administration of a medicinal 
agent carrying with it a serious potential hazard. On the other hand, the 
further employment of cinchophen and its congeners, with the exception of the 
iodine containing compounds, should be retained for the management of gout, 
rheumatic infection, and chronic arthritis, whenever these diseases cannot be 
satisfactorily controlled with less dangerous drugs. When cinchophen and its 
derivatives are given with proper precautions, the physician carries no more 
liability in the prescribing of these drugs than he does of any other potent agent. 

It may be mentioned, finally, that laws were enacted in several States (Cali- 
fornia, Connecticut, Florida, Massachusetts, Nevada, North Carolina, . and 
Vermont) prohibiting the retail distribution of cinchophen except on the written 
prescription of a licensed physician, dentist, or veterinarian (J. A. M. A. 1940). 
It is likely that similar regulations have been put in force in other States and 
countries by this time. 
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POTASSIUM AND PERIODIC PARALYSIS 
A Metabolic Study and Physiological Considerations 

HARVEY GASS, M.D., MARTIN CIIERKASICY, M.D., and NATHAN 
SAVITSKY, M.D. 

Department of Neuropsychiatry, Montcfiore Hospital and Columbia University 
College of Physicians and Surgeons, and the Department of Internal 
Medicine, Montcfiore Hospital, New York, N. Y. 

It is paradoxical that knowledge of the pathological physiology in familial 
periodic paralysis remains incomplete despite the fact that successful treatment 
for this affection has been available since the empirical discovery of the value of 
potassium salts by Singer and Goodbody (82) in 1901, Buzzard (14) in 1901 
and Mitchell, Plexner and Edsall (72) in 1902. The rarity of the disorder usually 
limits metabolic research efforts to the study of single patients. Such a study is 1 
reported here with special attention to disturbances in potassium metabolism. 

This paper presents a brief summary of present concepts of the metabolic 
defect in periodic paralysis, a recording of our experimental procedure, results 
and their significance, and a short review of potassium metabolism. 

In 1934, Biemond and Daniels (0) noted incidentally that the serum potassium 
level during an attack of paralysis was low. Since the first report dealing spe- 
cifically with the role of potassium in familial periodic paralysis by Aitken, 
Allott, Castleden and Walker (1) in 1937, there have been several such metabolic 
reports in the literature (2, 39, 43, 77, 78, 89). Except to establish the important 
role that potassium plays pathogenetically and therapeutically in this disease, 
little more information about the faulty metabolism in familial periodic pa- 
ralysis, except in a negative way, has been disclosed. 

The clinical picture of this disease has been clearly described many times, 
especially by Talbott (89) in whose paper over 400 cases in the literature are 
reviewed. The clinical picture in our patient is typical with the exception of the 
absence of a history of a familial incidence. Sporadic cases of periodic paralysis 
are not unknown. Herrington (50) reports an incidence of 20 per cent of non- 
familial cases. There is ample clinical and chemical evidence in this and other 
cases to challenge the contention of Holmes (53) that such isolated instances 
are hysterical. 

It is of incidental interest that World War II has in one way or another brought 
to light several recent cases (53, 55, 94, 95), presumably because the greatest 
reservoir of the disease, young male adults, received more medical supervision 
during war years. Although the disease in the subject of this report was not 
recognized in the service, it manifested itself there like others, for the first time. 
This may be explained by the fact that these susceptible patients were subjected 
to extraordinary stresses during military service. These sometimes seemed to 
precipitate attacks. In this case, prolonged ditch-digging immediately preceded 
the first attack. 
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In a recently reported case (95), that of a soldier who was thought to be psy- 
choneurotic, an unusual feature, which has been noted occasionally before, was 
the presence of normal serum potassium levels during an attack of paralysis. 
This is not in agreement with most previous reports (1, 39, 43, 51, 77, 89). Ac- - 
cording to these, the development of an attack of paralysis coincides with a 
falling serum potassium level, and recovery, with a rising potassium level. This 
decrease of potassium was never accompanied by increased potassium excretion. 
As a matter of fact, it has been shown that just before and during an attack the 
potassium excretion may be lower than normal. Where the potassium migrates 
during an attack is an unsolved problem. 

, Except with regards to phosphorus, no other significant electrolytic change has 
been noted during an attack of paralysis. Although Ferrebee, Gerity, Atchley 
and Loeb (39) and others have failed to confirm it, Allott and McArdle (2), Talbott 
(89) and Hildebrand and Kepler (51) found that during the development of an 
attack and recovery from it the serum inorganic phosphate changes are similar 
to those of serum potassium but are less marked. Here, too, there w T as no 
increased excretion of the serum phosphates during paralysis. Milhorat (67), 
however, found a negative phosphorus balance following attacks. 

Previous reports have not stressed sufficiently the clinical and chemical changes 
in the initial stages of an attack. Such studies necessitate experimental in- 
duction of attacks. Many methods of artifically producing them have proven 
successful. The most reliable of those has been that of feeding the patient a 
large amount of glucose. This, it has been suggested, simulates the natural 
circumstance of a large evening meal followed by the development of an attack 
of paralysis during the night. 

Our experimental procedure consisted of close chemical and clinical obser- 
vations of our patient during a preliminary normal period and during two suc- 
cessive artifically induced attacks. The second of these was produced in relation 
to a tracer experiment with radioactive potassium (K 42 ) . An attempt was 
made to determine by body surface and body fluid readings with a Geiger- 
Mueller counter after the injection of K 42 whether an abnormal shift in marked 
potassium could be detected in liver, muscle, serum, red blood cells, urine or 
spinal fluid of the patient as compared to a control, following the induction of an 
attack. The results in this portion of the experiment, however, were largely 
inconclusive due to certain physiological and technical limitations (shoit pene- 
trating pov T er of beta radiation given off by K 4 -, the limiting safe dose of K 
and the masking effect of the high background content of potassium in muscles). 
Consequently, except for a few observations of possible significance or of inci- 
dental interest recorded below, a detailed account of the tracer experiment has 
been omitted. 


CASE HISTORY 
First Admission 

History: This 23 year old white male, N. K., M.H. £40782, was first admitted to Monle- 
fiore Hospital on July 18, 1946 complaining of lack of power in all four extremities and back. 
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He had always been in good health until three years prior to admission when, while under- 
going basic training in the Army, he had the first of four similar subsequent attacks char- 
acterized each time by profound weakness of both arms, both legs and back, noted first 
when attempting to rise out of bed. He would awake feeling well, but to his surprise, when 
he attempted to move, he found that his limbs were almost powerless. He redded assist- 
ance to get out of bed or to rise from a sitting to a standing position. Once c r ect lie could 
maintain himself, although in a somewhat slumped posture. A shuffling gait with this 
slumped posture was possible, but raising his legs as in climbing stairs or for Pthcr reasons 
could not be done. His upper extremities were similarly nffected so that they could not 
be raised even to his shoulder level. His grips would be markedly weakened well. This 
state would persist for 2-1 to 48 hours, and then it would gradually, spontaneously clear. 
The whole attack from beginning to end would last 2 or 3 days. 

There was never any disability, however, in speech nor mastication, nor in holding his ' 
head erect, nor in respiration. Bladder and bowel function remained intact a n d libido and 
potency were unaffected during attacks. Mental faculties were unimpaired, and there were 
no episodes of unconsciousness. Parcsthesiae, diplopia, facial weakness, ptosis or dys- 
phagia did not occur. Occasionally, a day or two after an attack he noted sP rcncss in his 
calf muscles. 

The first two attacks followed activity somewhat unusual for him. The fifst developed 
on the day following ditch-digging and the second, a year and a half later, after a 17 hour 
train ride. The third attack occurred one week before admission. On the day before being 
admitted, he developed the fourth attack. This one began a little more insidiously than 
the others manifesting itself first by some weakness in attempting to climb stairs in the 
afternoon; this was followed a few hours later by weakness in his left leg when attempting 
to step on the clutch pedal. The next morning he was in a fully developed attack. 

The family history did not reveal any illness of neurological or metabolic interest. No 
other members in his immediate or distant family suffered similarly as far as could be de- 
termined. 

Except for a history of ragweed hay fever since the age of ten and bronchopneumonia at 
thirteen his own past history was of no particular interest. 

Clinical Examination: The blood pressure was 120/80; temperature, 98.6; pulse, 88 and 
regular; respirations, 20. 

Upon admission the patient was in the midst of an attack, nis physical habitus was 
muscular and stocky. He seemed to be in robust health. He could not maintain a sitting 
position unsupported, and when helped into a standing position, he maintained it in a lor- 
dotic posture with rounded slumped shoulders. Short, shuffling steps were possible. The 
calf musculature was very well developed. There was marked weakness of th° trunk and 
limb musculature. The muscular weakness was most marked proximally and on the left 
side. He could not raise his arms to his shoulder level; nor could ho hold his fingers in ex- 
tension. Although it was possible to raise the right leg from the bed with great effort, he 
could not lift the left one at all. Strength in the feet was only Blightly impaired. The left 
biceps reflex and the right triceps could not be elicited. The suprapatellar and the patellar 
reflexes were depressed on the left. The abdominals and the right cremasteric reflexes could 
not be elicited. The plantar responses were promptly flexor. 

Laboratory Studies: The blood sugar was 86 milligrams per 100 cubic centimeters; blood 
urea nitrogen, 13.7 milligrams per 100 cubic centimeters. The hemoglobin was 105 per 
cent (15.3 grams); red blood cell count, 5,210,000 per cubic millimeter; white blood cell 
count, 5,210,000 per cubic millimeter; white blood cell count, 7,950 per cubic millimeter with 
a differential count ns follows: stab 3, segmented 63, lymphocytes 29, monocytes 5. Urin- 
alysis showed a specific gravity of 1.017, an acid reaction, no albumin or glucose, and a sedi- 
ment which was clear except for calcium oxalate crystals and mucus threads- 

The lumbar puncture, which was done fn the lateral recumbent position, w£s normal ex- 
cept for an initial pressure of 170 millimeters of water which fell to 150 millimeters after 
removal of 10 cubic centimeters of clear colorless fluid. There was no evidence of mano- 
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metric block. The spinal fluid protein was 60 milligrams per 100 cubic centimeters. No 
cel s were found. The spinal fluid and blood Wassermann tests were negative: the gum 
mastic curve showed no significant alteration (0011100). 

„ \ serum P otaBS ' lum on ihe <*ay after admission, the second day of a severe attack was 
3.3 milhequivalents per liter (12.8 milligrams per 100 cubic centimeters) . The 24 hour’out- 
put of creatinine on July 25, 1947, when the patient was nearly well, was 1. 21 grams while 
the creatine output was 0.09 grams. ’ 

Roentgen rays of the spine were normal except for bilateral sacralization of the fifth 
lumbar vertebra. 


Course: On July 19, 1946, he was started on 8 grams of KC1 daily. One half hour after the 
third dose, after a total of 6 grams of If Cl, he began to feel improved. On July 20, he was 
practically fully recovered. He remained well until July 24 when IfCl was stopped. " Within 
a few hours he began to feel another attack coming on. Serum potassium at this time was 
3.7 milliequivalents per liter (14.4 milligrams per 100 cubic centimeters). He was discharged 
on July 29, 1946 on KC1 medication and advised against excessive carbohydrate intake. 


Second Admission 

He was readmitted on September 4, 1946 to the Montefiore Hospital. He stated that 
since his discharge from the hospital in July he had been taking 5 grains of KC1 three times 
a day until ten days prior to readmission when he stopped. Up until that time he had felt 
well and free of any symptoms. Two days after stopping the If Cl he had a minor attack 
limited to slight weakness of his left lower limb. During the next four days he took varying 
amounts of KCl medication. After two days this focal weakness disappeared. 

Clinical Examination: The patient was suffering from ragweed hayfever upon this ad- 
mission. The blood pressure was as follows: 

Right arm Lett arm 

Standing 170/124 160/120 

Sitting 138/104 154/114 

Supine .' 150/104 150/110 

The blood pressures recorded represent the lowest of several consecutive readings. 

His gait was normal except for evident weakness of the left lower limb when walking on 
his toes. Further tests of muscle strength revealed slight weakness in the fingers of his 
left hand, in both hand grips, in the flexors of left hip and knee, and of left plantar flexion. 
(The patient was left handed.) 

The left patellar and ankle jerks were less active than the right. The abdominal and 
cremasteric reflexes were not elicited on the right side. 


EXPERIMENTAL PROCEDURE 

The patient was maintained on a diet which was controlled for potassium, phosphorus, 
caloric and carbohydrate intake. From September 4 to September 9 the potassium intake 
was kept between 3.4 to 4.2 grams daily and was varied somewhat between these limits in 
an attempt to keep him clinically free of symptoms. The phosphorus intake during t lis 
time varied between 0.3 and 1.3 grams. The caloric intake in this interval was kept below 
2500 calories, and the carbohydrate daily intake was kept under 200 grams. For the first 
two days only, through September 6, the dietary potassium and phosphorus contents acre 
estimated from tables by Sherman.* On the evening of September 6, he was started on a 
diet consisting of milk, cottage cheese, bread and a mixture of amigen and glucose supp e- 
mented by nicotinic acid, thiamin and riboflavin so that the intake of phosphorus an po- 
tassium could be more easily controlled and more accurately measured. Aliquote portions 
of the milk and of the amigen-glucose mixture were taken and samples of the bread and 
cottage cheese were ashed. These were all analyzed for potassium and phosphorus content 
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and the daily intakes of these elements were accordingly calculated. In order to minimize 
errors the bread and the cottage cheese, the only solid item^of food, were limited so that tho 
potassium intake from this portion of his diet was less than 0.5 grams. 

* Sherman, H. C.: Chemistry of Food and Nutrition, Now York, MacMillan Co., 1941. 

Fractional urines, which were analyzed for potassium, ’inorganic phosphorus, creatine 
and creatinine content, were collected daily as follows: from 7 a.m. to 7 p.m., from 7 p.m. to 
11 p.m., and from 11 p.m. to 7 a.m. These hours were chosen because clinically, both in his 
case and in the typical case described in tho literature, attacks develop during the night and 
are evident on rising in the morning. Consequently, the most important metabolic changes 
might bo expected to occur between the supper hour of one night and the early hours of the 
next morning. For the same reason routine blood specimens, for scrum potassium, sodium 
and inorganic phosphorus and for whole blood potassium, were drawn at 10 p.m., 2 a.m. and 
7 a.m. The red blood cell concentration of potassium was calculated as the difference be- 
tween the wholc'blood potassium and the scrum potassium. Allowances were made for 
hematocrit changes where necessary. Stools were analyzed for potassium and phosphorus. 
The experimental day was designated as extending from 7 a.m. of one morning to 7 a.m. of 
the next morning. Sodium and potassium determinations wero made by flame photometry 
through the courtesy of American Cyanamid Company and Dr. John \V. Berry of that or- 
ganization by tho use of their improved photometer which operates with an accuracy of about 
1}% for sodium determinations and about 1 % for potassium determinations (4), and which 
has been found satisfactory for biological analyses (46). 

Evaluation of tho patient’s clinical status was made frequently. A ByBtcm was devised 
for gradingthe depth of an attack by estimating the amount of impairment of each of several 
functions, such as walking on toes, chair stepping, muscle testing, dynamometer readings 
matched against n constant control, reflexes, general subjective and general objective 
status, respectively. Each of these functions were graded 0 to 4 ; 0 being complete loss of 
function and 4 being no loss of function. Tho sum of the values obtained at a given evalua- 
tion was calculated against the sum which would have existed if each function were graded 
as 4. (Not all functions wero evaluated at every testing, but usually most of those listed 
above and often all of them wero tested.) By such a comparison with a theoretical normal 
response for the patient, the percentage of attack existing at the time of evaluation was 
calculated. 

Certain other isolated physiological and clinical determinations were made, including 
spinal puncture, both before and after an attack had developed. 

On September 9 at 10:30 p.m., after he had been relatively free of symptoms for at least 
4 days of observation, and after repeated routine observations of the chemical constituents 
of blood and urine during this time (Table I) and just following tho taking of a preliminary 
blood specimen, an attempt was made to induce an attack of paralysis by feeding orally 300 
grams of glucose dissolved in one pint of water. Blood specimens were drawn at 16 minutes, 
} hour, 1 hour, 2 hours, 3 hours and 8} hours after this. These were analyzed routinely and 
in addition for glucose levels. Tho clinical condition was followed carefully thereafter. 
A complcto attack resulted. Routine urines continucd'to be collected. Blood specimens 
were taken when the attack was fully developed. 

At 3:30 p.m. of tho following day (September 10) an attempt was made to reproduce the 
Pudenz experiment of injecting 1 gram of 1% KC1 solution intravenously in one arm while 
maintaining the opposte arm occluded arterially (77), but the patient could tolerate only 
} gram in his vein and this had to be discontinued. No improvement resulted from this 
amount. It was then attempted to bring him out of the attack by feeding KC1 orally. 
Within a few hours of this he showed marked improvement clinically. By tho afternoon 
of September 11, he was fairly well out of his attack. 

The second attack was induced during tho night of September 11. A control subject of 
about the same age and weight as the patient had been prepared for tho preceding 2 days 
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hn1h , - d f !C ^, diet ; 1 From about 9:15 P- m - until glucose induction about 7§ hours later 
Jl P “ and control were subjected to almost continuous body readings with the Gei- 
ge -i Iueller counter, prolonged lumbar punctures and repeated venipunctures for chemical 
and radioactive determinations associated with theK« experiment. At 9:30 p.m. 180 milli- 
grams of potassium which included about 144 microcuries of K« were given intravenously 
to both subjects. At about 5 a.m. 300 grams of glucose dissolved in 1 pint of water was 
ingested by each. Thereafter, frequent blood samples were drawn for whole blood po- 
tassium, serum potassium and radioactive concentrations. (For technical reasons the 
whole blood determinations in this part of the experiment were considered unreliable and 
were discarded.) Urine collections were continued. Clinical evaluations and almost 
continuous K« body readings in both patient and control were made for several hours. In 
addition, repeated electrocardiographic tracings were taken on the patient shortly after 
the glucose was given. 


Shortly after the successful production of this second attack, the patient was fed liberal 
amounts of KCI and brought out of the attack. 

In the afternoon of September 13, after the patient was' relatively free of symptoms, an 
attempt was made to induce a third attack by water diuresis of potassium according to the 
method of Gammon (43) . In the course of 3£ hours the patient drank over 4 quarts of water 
but'no attack developed. 


RESULTS 

Two attempts to induce attacks of paralysis by ingestion of 300 grams of glucose were 
successful, the second attack being less profound than the first. The development of an 
attack was on each occasion associated with a sharp fall in the serum potassium concentra- 
tion to a subnormal level (fig. 1) ; recovery in each instance followed the administration of 
large amounts of KCI and was accompanied by a rise in serum potassium level. In the first 
attack the serum potassium fell from a pre-induction 10:00 p.m. level of 3.7 milliequivalents 
per liter (14.7 mgm./lOOO c.c.). The usual 10:00 p.m. level in the first 5 days of observation 
had varied between 3.7 and 3.9 milliequivalents per liter. It reached a low value of 2.5 
milliequivalents per liter (9.9 mgm./lOO c.c.) almost 17 hours later. At 15 minutes after 
the glucose a beginning fall to 3.5 milliequvalents per liter (13.S mgm./lOO c.c.) was al- 
ready detectable, and by 2 hours it had dropped to 2.6 milliequivalents per liter (10.2 
mgm./ 100 c.c.). Intermediate determinations on specimens taken between these two 
showed a continuous rapid decline in the serum potassium level. The usual preliminary 
2:00 a.m. serum potassium levels had varied between 3.5 and 4.0 milliequivalents per liter. 
The value at 1:30 a.m., 3 hours after glucose ingestion was 2.6 milliequivalents per liter. 

Blood glucose values in the meantime went from a pre-induction level of 61 milligrams 
per 100 cubic centimeters to 99 milligrams per 100 cubic centimeters at 15 minutes after glu- 
cose and reached a peak of 175 milligrams per 100 cubic centimeters at 1 hour after glucose. 

There was no significant abnormality in this curve (fig. 2). 

In the second attack the same serum potassium pattern was repeated (fig. 1), the level 
beginning at 3.8 milliequivalents per liter (15.0 mgm./lOO c.c.) before glucose, reaching 3.5 
milliequivalents per liter (13.5 mgm./lOO c.c.) at 15 minutes after and a low value of 3.1 
milliequivalents per liter (12.1 mgm./lOO c.c.) at 2 hours after the glucose. The serum po- 
tassium falls in both attacks were significantly greater than could be accounted for by the 
natural fluctuation of serum potassium levels which occurred during the relatively symp- 
tom-free preliminary 5 day period of observation. Although the severity of an attack in 
general paralleled the period of low serum potassium levels, an exact linear relationship 
between the two was not demonstrated. For example, at the start of the 7th day U t S- )> 
the paralytic attack was deeper than, at the height of the second attack (C, fig. es P* e 
the fact that the serum potassium levels were comparable. Moreover, when t e serum 
potassium levels were the lowest, the severity of the attack (B, fig. 1 ) , vas not sigm can y 
greater than at point A, when the serum potassium was 0.7 milliequivalents higher. Never- 
theless, with minimum serum potassium levels there were, in general , maximum symp oros. 
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Fig. 1. Electrolytic Determinations of the Blood and the Clinical Condition of 
the Patient during the Preliminary Observation Period and Two Artificially 
Induced Attacks of Paralysis 

Significant changes associated with the development of an attack aic evident in the 
scrum potassium and scrum phosphorus curves. Major attack followed administration of 
glucose in each case as denoted by the subsequent increase in the severity of paralysis. 



10PM.II 12 I AM 2 7AM 3PM. 


Fig. 2. Serum Potassium and Blood Glucose Concentrations during the First 
Induced Attack 

The contra] subject who received 300 grams of glucose in connection with the radioactive 
poition of the experiment under identical ciicumstances as the patient did not develop 
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symptoms despite the fact that his serum potassium fell from a level of 4.6 milliequivalents 
per liter (18-0 mgm./lOQ c.c.) before glucose to 3.4 milliequivalents per liter (13.4 mgm./lOO 
c.e.) 11£ hours later. At 15 minutes after glucose his serum potassium was 4.1 milliequiva- 
lents per liter (16.0 mgm./lOO c.c.) and at 2 hours it was 4.0 milliequivalents per liter (15.4 
mgm./lOO c.c.) . 

It is significant in this regard that in the second experiment, a bigeminal pulse rhythm 
was detected S minutes after the beginning and 5 minutes after the completion of the drink- 
ing of the glucose solution. This was verified electrocardiographically within 10 minutes 
of completing the glucose ingestion (fig. 3). Inverted T waves are also present in leads 2 

| MONTEFIORE HOSPITAL 


CARDIOGRAPHIC REPORT 



^ L CF IV " | 

Fig. 3. Electrocardiogram Taken within 10 Minutes after Ingestion of 300 Grams 
of Glucose for the Second Induction 

The bigeminal rhythm is indistinguishable from that produced by digitalis toxicity. 
Inverted T waves are present in leads 2 and 3. 

and 3 of this electrocardiogram. Subjectively, the first complaint noted in this recumbent, 
somnolent patient was "thumping, slow heart beat”. 

The red blood cells in 100 cubic centimeters of whole blood contained between 156.6 and 
159.5 milligrams of potassium during one attack (fig. 1) . There was no increase in the con- 
centration of red blood cell potassium prior to or during this first attack. This value re- 
mained relatively constant throughout the period of observation. 

The potassium output, which was almost entirely urinary, showed a marked fall during 
paralysis in the first induced attack (fig. 4). During the preliminary period the potassium 
output had varied between 2.89 and 3.98 grams per 24 hours. During the first day of paraly- 
sis, of which only 85- hours belonged to the post-glucose period, the output for 24 hours was 
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1.53 grams. On the second day, despite the fact that the patient was fed several grams of 
KC1 his output was only 0 07 grams. This coincided with a low urine output of only 660 
c c. On the next day, when the urinary output was over 2000 c.c., there was a slightly 
greater potassium output, 2.5 grams, although it did not reach the pro-attack levels. 

When the potassium output was examined fractionally, it was apparent that during the 
first attack although there was a slight decrease in the urinary potassium output in the 7:00 
p.ra. to 11:00 p.m. and in the 11:00 p.m. to 7:00 a.m. portions, the most striking reduction 
was in the 7:00 a.m. to 7:00 p.m. fraction. This fraction on the day following the glucose 
when the patient was in a severe attack amounted to only 0.15 grams whereas usually ho 
had excreted in his urine in the same period over 2 grams of potassium. Except on this 
day, 2/3 or more of the 24 hour urine output of potassium had occurred during this interval; 



Fm. 4. Intake and Output of Potassium and Phosphorus in Relation to the Severitt 

of Symptoms 

attack ^ ' S a decrease in urinary output of both elements during the first induced 


°a this day less than 1/3 of it occurred during this period. The daily potassium intake w’aa 
n ever Iow er than 2.78 grams. 

e serum phosphorus levels were determined only during the first attack (fig. 1). A 
Th l Ca ^ ^ ro P * n the serum phosphorus level occurred during the induction of this attack, 
y, e ow } cve l was less sustained than that of the potassium and also relatively less marked, 
af t° 'Eduction value was 1 .9 milliequivalcnts per liter (3 3 mgm./lOO c.c.) and 15 minutes 

ht ef f<> e * Ucose ft was the same. At one hour after glucose it was 1.6 milliequivalents per 
i'\ c.c.) and at 2 hours it reached a low of 1.2 milliequivalents per liter (2.1 

flertT c,c -) % s £ hours after the glucose, when the paralysis was fully developed, the 
«... , phos Phorus value had recovered to 1.0 milliequivalents per liter and remained at 
^evel throughout the first attaek. 

bis c _. Gre .^ as a decrease in the urinary phosphorus output during the first day of the paraly- 
mciding with the lowered potassium output of that day. The output (all urinary) 
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was only 0.20 grams compared to daily urinary outputs of between 0.78 to 1.01 grains on the 
pre-attack days The decrease on this day was due almost entirely to a decrease in the 
7.00 a.m. to 7.00 p.m. fraction. Usually more than 0.35'grams of phosphorus were excreted 
during this period whereas only 0.05 grams were recovered from the urine during the same 
period on this day when he was in a severe attack. The phosphorus intake bad been rela- 
tively constant for 3 days prior to the attack. 

Except for a drop in the serum sodium level from 139.0 milliequivalents per liter (320.0 
mgm./lOOc.c.) at 15 minutes after the glucose to 131.0 milliequivalents per liter (303 mgm./ 
100 c.c.) 45 minutes later and recovery to 138.0 milliequivalents (317.0 mgm./lOO c.c.) after 
another hour, there was no remarkable change in the serum sodium curve before or during 
the first attack (fig. 1). This low serum sodium curve coincided with the peak in the glucose 
curve and its recovery coincided with falling glucose levels. 



Fig. 5. Urinary Excretion of Creatine and Creatinine 

There is no apparent relationship between these abnormally high values and the presence 
or severity of symptoms. 

A constant creatinuria was observed throughout the second admission of the patient and 
at times the creatinine excretion was abnormally high (fig. 5) . Neither of these abnormali- 
ties bore any relationship to the presence or severity of symptoms. 

The blood pressure showed remarkable fluctuations throughout the period of observation 
which could not be related in any rational way to the presence or absence of a paralytic 
state, nor to the level of the serum potassium. During attacks, the blood pressure varied 
from 66/48 to as high as 180/60 and 166/110. When well, readings varying from 80/40 to 
170/122 were obtained. On one occasion when the patient was obviously emotionally tense 
the blood pressure was 166/11S. 

No significant alterations were noted in the blood counts and smears except for an eosm- 
ophilia, varying between 3 and 8 per cent, during his second admission. This could bo 
accounted for by the presence of his hay fever. 
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The spinal fluid potassium during a symptom free period was 2.9 millicquivalents per 
liter (11 .5 mgm./lOO c.c.) and during a maximal attack it was 3.0 millicquivalents per litor 
(11.8 mgm./lOO c.c.). Except for a spinal fluid protein of 60 milligrams per 100 cubic ccnti- 
' meters during the severe attack of his first admission, there were no other abnormalities 
noted in his spinal fluid examinations. 

During attacks of paralysis Jolly reactions wore noted in the parotic thigh muscles. 
Alterations in the pulse during attack states consisted of the appearance of a bigeminal 
rhythm with a strong beat followed closely by a weak one. In the first induced attack this 
was observed 2} hours after the glucose. In tho second attack bigeminal rhythm was noted 
8 minutes after the glucose drink was given. 

In addition to the electrocardiographic record shown in figure 3 in which inverted T 
wnves and bigominal rhythm, with normal ventricular complexes followed by ventricular 
premature systoles, aredemonstrated, other electrocardiograms taken during an attack show 
inverted T waves only, while similar records taken during well periods are normal.* 

Other determinations revealed that during attack-free periods the basal metabolism, 
blood cholesterol, blood urea nitrogen, cephalin flocculation and thymol turbidity values 
were within normal limits. The scrum total protein was 6.40 grams per 100 cubic centi- 
meters with an albumin fraction of 4.60 grams and a globulin fraction of 1.60 grams per 100 
cubic centimeters. Tho icteric index a as 7. The 17-kctosteroid output measured 10.2 
milligrams per day several days after recovery from the last attack. 

The third induction attempted by forced drinking of water according to the method of 
water diuresis of potassium of Gammon, Austin, Blithe and Reid (43) was unsuccessful. 
Whether this failure was the result of the development in any degree of a refractory state 
following repeated attempts at inductions such as has been mentioned by Pudenz, McIntosh 
and McEachern (77), or to the ineffectiveness of the method in this patient was not de- 
finitely determined. It is noteworthy that tho second induction did not produco as deep 
an attack as tho first. 

COMMENT 

The results of our investigation indicate that attacks of paralysis in our patient 
with periodic paralysis may be induced by the ingestion of large amounts of 
glucose and that these attacks may bo associated with definite electrolytic 
changes in the blood and urine. Such chemical changes have been previously 
recorded in the literature (1, 39, 43, 77, 89). The most evident of these was the 
fall in the serum potassium level coincident with the development of paralysis. 
This hypopotassemia was unaccompanied by increased potassium excretion in 
urine or stool. Not being related to potassium dietary deficiency nor to ex-' 
cessive excretion of potassium, it represents an intrinsic loss Of potassium from 
• the serum into other fluids or tissue compartments of the body. Tho consistency 
of these findings concerning the changes in the potassium metabolism should 
prove of diagnostic value. 

In the search for loci where potassium could have accumulated after leaving 
the serum we were unable to demonstrate, during one of the attacks, any change 
in the concentration of potassium in the red blood cells (uncorrected for cell 
water changes). Talbott (89), also, did not find any such change in the red 
blood cells during paralysis. Pudenz, McIntosh and McEachern (77), however, 
in tv o attacks noted fluctuations in the red blood cell potassium content which 
they could not interpret. 

* Electrocardiographic changes in this patient will bo reported separately. 
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Attacks of paralysis associated with a lowered serum potassium have been 
produced in patients with periodic paralysis by injections of insulin. In normal 
individuals insulin causes a drop in serum potassium and it has been shown that 
the potassium disappearing from the serum does, not enter the red blood cells 
(59, 60). It is unlikely therefore that potassium accumulates in red blood cells 
in periodic paralysis. 

The spinal fluid potassium level in the lumbar sac was not significantly altered 
during paralysis despite simultaneously lowered serum potassium. The urinary 
excretion of potassium during such periods of maximal paralysis was signifi- 
cantly reduced. The renal threshold for potassium is directly correlated with 
its serum concentration (102). The rate of excretion decreases as the ser um 
concentration is lowered so that the suppression of urinary potassium excretion 
during paralysis probably reflects a lowered level of serum potassium. These 
findings confirm previous investigations of both induced and spontaneous attacks. 

Earlier reports have been inconsistent concerning the changes in the serum 
phosphorus levels associated with the development of an attack. Close obser- 
vations on this patient during one attack confirm the presence of serum phospho- 
rus level changes during paralysis. These parallel those of potassium though 
they are less marked or sustained. Moreover, as in the case of potassium, 
during the state of maximal paralysis there was a marked decrease in the urinary 
phosphorus output despite a relatively constant phosphorus intake. 

We were unable to demonstrate any significant change in the serum sodium 
level during the development of an attack except for a transient fall immediately 
following the ingestion of the glucose solution. This may only have been due to 
an osmotic reaction to the sudden intake of a large amount of hypertonic glucose 
into the intestine. Ferrebee, Gerity, Atchley and Loeb (39) showed no change 
in serum sodium in one attack and demonstrated a normal relation of sodium 
balance to water balance and extracellular fluid volume. Urinary sodium ex- 
cretion was not remarkable in their patient. 

No abnormalities of the glucose tolerance of our patient were noted. 

There was no convincing clinical evidence of hepatic, thyroid or adrenal dys- 
function when the patient was well. _ 

Abnormal creatine-creatinine metabolism with excessive excretion of both 
compounds, such as was evident in our patient, has been repeatedly noted by 
other observers. Inasmuch as muscle creatine appears to be the precursor of 
urinary creatinine (8), these findings merely reflect a disordered muscle function. 

Certain observations of incidental interest were noted in the radioactive experi- 
ment wduch appeared reliable and should be recorded. The urinary excretion 
of K® of the patient was about twice that of the control. In 39 hours following 
K 42 injection the patient excreted more than 7.9 per cent of the original dose 
whereas in the same period the control excreted only 4.5 per cent of a similar 
original dose. There has been no opportunity to verify this observation, 
verified it might be very significant. One explanation might be that the kidney 
m patients with periodic paralysis is unable to retain added potassium as well as 
in normals. A less likely explanation would be that these patients do not handle 
K 42 in the same fashion as ordinary potassium. Both subjects showed a con- 



POTASSIUM AND PERIODIC PARALYSIS 


121 


stoutly increasing blood K 42 concentration beginning about a half hour after the 
intravenous K« injection. This seems paradoxical but nevertheless is confirma- 
tory of work on animals done by Joseph, Cohn and Greenberg (56), Wilde (98) 
and Fenn (33). Soon after injection they found that the marked potassium 
reached a high concentration in the liver, after which it slowly moved out of 
the liver, and the concentration in the muscles and in the whole blood increased 
slowly. A third observation, for which no explanation is apparent, was that 
surface readings of K 42 on the Geiger-Mueller counter over the head (mastoid 
area) on both subjects were much higher than those over liver or muscle areas in 
the first few hours after K 42 injection. These higher values, moreover, were 
probably not due to greater scalp vascularity inasmuch as with decreasing head 
values as time progressed, actual blood K 42 concentrations by. direct measure- 
ment were increasing. The tracer technique used during the induction of an 
attack failed to reveal any change in marked potassium concentration in the 
tissues measured. 

Potassium in Relation to Metabolism of Carbohydrate, Muscle and Nerve 

Most of the body potassium is located in the muscles where its concentration 
is about 30 times that in the tissue spaces (35, 45). It is the chief intracellular 
cation of the organism, capable of passing through tissue membranes with ease. 
Its high intracellular concentration is maintained in part, at least, by the needs 
of intracellular, impermeable anions for an available, easily diffusible cation to 
satisfy the requirements of osmotic and electrical equilibrium (34, 86, 101). 
The evidence supporting a secretory function of the cell membranes controlling 
the permeability of potassium (101) is not strong. Under circumstances which 
deplete body stores of potassium, such as after administration of desoxycorti- 
costerone or after a potassium deficient diet, intracellular potassium may be re- 
placed by sodium (40, 49, 71), and possibly even by the ammonium ion to some 
extent (10, 38). Magnesium, the only other cation present within the cells in 
any large amount, may also adjust its concentration slightly in response to 
changes of intracellular potassium in an effort to maintain equilibrium within 
the cell (10, 13, 49). Such replacements or adjustments may occur within 
physiological limits without disturbing the intracellular osmotic relationships or 
the ability of the cell to contract (19, 34). 

Ordinarily concentration gradients exist between the intracellular potassium 
content and that of the interstitial fluid and to a lesser extent between the latter 
and that of the serum. Thus, if the serum potassium level falls sufficiently that 
of the interstitial fluid follows and the intracellular content of potassium in turn 
may respond within its limitations' (13, 34, 68, 101). Changes of intracellular 
electrolytic balance thus produced are believed to be brought into equilibrium 
by shifts of cellular water of by the entrance of other cations (chiefly sodium) 
into the cell (28, 30, 103). Such gradients, however, do not always exert in- 
flexible rigid control over the potassium content within the cell and it has been 
shown that normal muscle coll contents may sometimes exist with low serum 
values and vice versa (70, 103). 

There is increasing evidence that potassium plays an essential role in carbo- 
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Attacks of paralysis associated with a lowered serum potassium have been 
produced in patients with periodic paralysis by injections of insulin. In norm a l 
individuals insulin causes a drop in serum potassium and it has been shown that 
the potassium disappearing from the serum does not enter the red blood cells 
(59, 60). It is unlikely therefore that potassium accumulates in red blood cells 
in periodic paralysis. 

The spinal fluid potassium level in the lumbar sac was not si gnifi cantly alte' 
during paralysis despite simultaneously lowered serum potassium. The urn 
excretion of potassium during such periods of maximal paralysis was s' 
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leave the cell, and when they are reformed, the reverse should occur. Such 
largo variations in noimal muscle potassium, presumably due to such behaviour, 
have been reported although there is some disagreement on this point (47). 
This has prompted some workers (13) to divide the intracellular potassium into 
two types, a “basal” portion, which is held within the cells in a basal static condi- 
tion, and a “metabolic” portion, which represents that which enters the cells to 
meet the changing temporary demands of carbohydrate metabolism. The in- 
crease of lactic acid and potassium in the blood after muscular activity, which is 
associated with breakdown of glycogen, also supports this hypothesis. 

Glycogen in muscle serves in part, at least, as a source of energy for the genera- 
tion of certain energy-rich phosphate organic compounds among which are phos- 
phocreatine, adenosinetriphosphate, acetyl phosphate and phosphopyravate, 
important to the so-called adenylic system. When these high energy compounds 
react with certain intermediary substances or are hydrolyzed to inorganic phos- 
phate, energy is released which is essential either directly or indirectly for muscu- 
lar contraction (5, 85). It has been demonstrated that certain intermediate 
steps in the resynthesis of some of these high energy compounds cannot take 
place in the absence of potassium. Neither phosphorylation of the adenylic 
acid system for the resynthesis of adenosinetriphosphate, nor rephosphorylation 
of creatine can take place without the specific presence of this element (9, 10). 
It has been noted that the creatine and potassium contents of voluntary muscle 
vary directly, both increasing or decreasing together, in the ratio of 1 mole of 
creatine to 2 of potassium suggesting that phosphocreatine is present within the 
cell as a dipotassium salt (74). There is also experimental evidence that adeno- 
sinetriphosphate and other organic phosphorus compounds exist within the cell 
as potassium salts (73). 

Abundant evidence is available indicating the importance of potassium for 
the normal functioning of nervous tissue. The energy rich carbohydrates and 
organic phosphates exist and function in nervous tissue much as they do in 
-muscle tissue, and the dependence of them upon potassium can be assumed. 
There is some evidence in support of this (7, 92). Potassium, also, is known to 
play an important role in the release of acetylcholine and has been found es- 
sential for the resynthesis of choline acetylase, an enzyme essential for the syn- 
thesis of acetylcholine (7, 34, 75). Its importance in the transmission of the 
electrical impulse along a nerve fiber or across the myoneural junction is generally 
recognized. 

There is some difference of opinion ns to the mechanism of action involved in 
the lowering of serum phosphate and the raising of muscle hexosemonophosphate 
after insulin and after adrenalin (58). Some believe that the increase in muscle 
hexosemonophosphate results from the esterification of inorganic phosphate 
leaving the blood to enter the muscle, and that this process is an adrenalin 
response, the similar effect following insulin resulting from a reflex stimulation 
of adrenalin consequent to insulin hypoglycemia (18). Others maintain that 
the decreased serum phosphate concentration can be accounted for by a rise in 
liver phosphate, suggesting that liver esterification of phosphate is important 
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(57 76). A third viewpoint is that the fall in blood inorganic phosphate is an 
insulin response due to esterification of the inorganic phosphate outside the 
muscle, whereas the rise in muscle hexosemonophosphate due to adrenalin, 
results from the breakdown of glycogen, and that each hormone evokes the 
secretion of the other (84). The concomitant lowering of serum potassium 
which also occurs after insulin or adrenalin can be explained in each hypothesis 
by the apparent need for potassium by phosphorylation of either glucose or 
glycogen. There is slight evidence that the potassium content of muscle is 
increased after adrenalin (34). 

In adrenal cortical insufficiency, as in Addison’s disease and in adrenalecto- 
mized animals, the serum and muscle sodium contents are decreased as sodium 
is lost from the body. At the same time, due to impaired kidney excretion of 
potassium and leakage from the tissue cells into the extracellular fluid, the ser um 
potassium level rises. The accumulation of potassium is also reflected in a rise 
in muscle potassium content (although liver potassium is not raised). These 
effects can be overcome by replacement of adrenal cortical hormone which 
allows a greater renal excretion of potassium with consequent reduction of 
serum and muscle potassium levels to normal and retention of sodium in the 
body. If too much adrenal cortical hormone is given (or in potassium deficient 
animals), the serum and muscle potassium contents may fall below normal; 
sodium then replaces potassium lost from the cell, and if this is allowed to go 
uncorrected, paralysis may occur which can be corrected by administering potas- 
sium. Interference with cardiac function may similarly develop, noth evidence 
of impairment of auriculo-ventricular conduction, which may also be corrected 
by potassium. It is recognized that not only potassium administration, but 
carbohydrate, as well, may precipitate a crisis in patients with Addison’s disease, 
presumably due to further increase in intracellular potassium necessary to meta- 
bolize the carbohydrate. It has been suggested that desoxycorticosterone acts 
by affecting membrane permeability (5, 13, 27, 34, 40, 47, 61, 91). 

DISCUSSION 

Attacks of periodic paralysis frequently follow ingestions of large amounts of 
carbohydrate. Symptoms of an impending attack may often be aborted by the 
patient “walking it off.” Such activity, by the effects of muscular contractions, 
may be presumed to release potassium from its combination with high-energy 
phosphate carbohydrate esters as the latter are reduced to lactic acid thus making 
available an extra source of potassium. Periodic paralysis occurring in patients 
with hyperthyroidism has been reported on several occasions (51). Whether this 
concurrence is based upon excessive carbohydrate intake secondary to increased 
metabolic needs in patients with a latent tendency towards the disease, or upon 
some more fundamental endocrinological disorder of carbohydrate metabolism 
is unknown. 

Experimentally, attacks of paralysis associated with a low serum potassium 
have been produced in patients with periodic paralysis by large amounts of oral 
glucose or heavy carbohydrate meals; by administrations of Ievulose; by insulin 
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injections alone, or more easily, in combination with glucose; by injections of 
adrenalin; by water diuresis of potassium following forced drinking; and by in- 
jections of adrenal cortical hormones (1, 2, 39, 43, 7 / , /8, 81, 89). In the normal 
individual, most of these procedures, with the quantities given, will produce a 
fall in the serum potassium level without the development of paralysis (1, 2, 16). 
In general, as in our control, the fall is neither so low nor so rapid. The actual 
level of serum potassium does not seem to be a crucial point in the development 
of paralysis for levels as low ns 7.2, 8.5 and 9.4 milligrams per 100 cubic centi- 
meters in diabetics after insulin (1) and ns low as 10.5 milligrams per 100 cubic 
centimeters in normals after adrenalin (2) have been produced without causing 
any paralytic symptoms. Moreover, attacks of paralysis with normal serum 
potassium levels have been reported in patients with periodic paralysis (3, 26, 
77, 95). Our failure to find an exact linear relationship between the depth of 
attack and the scram potassium level supports the contention that the actual 
serum potassium level does not cause the paralysis. It is possible that in the 
patients who had normal serum potassium levels during paralysis, had more 
frequent specimens been taken, some of these may have disclosed low potassium 
contents; but, in any case, these normal serum values do not necessarily indi- 
cate the physiologic state within the cell. It may be assumed that it is the 
cellular potassium content which controls the threshold determining the appear- 
ance of paralysis in these patients. 

Dogs dying in paralysis from overdose of desoxycorticosterone have revealed 
in their skeletal muscles large amounts of intracellular sodium and less than 
normal amounts of intracellular potassium (40). Similar changes have been 
reported for rats (40). In humans overdoses of desoxycorticosterone have 
caused paralysis associated with large losses of potassium from the body. 

Based upon the validity of this assumption, the suggestion appears plausible 
that the chief metabolic differences between the response of the susceptible pa- 
tient and the normal individual to potassium lowering stimuli are in the con- 
centrations of the muscle cell potassium and the rates of fall of the serum potas- 
sium level, both of which may be functions of the same metabolic defect. The 
importance of the rate of change of potassium concentrations has been pointed 
out in other functions. For example, in the development of heart poisoning by 
potassium increases, it appears that the rate at which the potassium rises in the 
serum and presumably the rate of its penetration of cells in the heart is an im- 
portant factor in the development of toxicity (19). 

Transient muscular paralyses with electrocardiographic abnormalities have 
been reported in chronic nephritis (12) and in poorly controlled diabetes. (52) 
where low serum potassium levels were found . A response to potassium therapy 
was obtained in these cases. Do determinations of cellular potassium nor of 
the rates of change of serum potassium levels were made in these instances. 

Not all the evidence, however, is consistent with the viewpoint that the inter- 
ference with normal potassium physiology is due to changes in its intracellular 
content. From the effects of potassium toxicity due to hypemormal rather than 
subnormal levels, there is some indication that the extracellular fluid potassium 
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content is the important factor (19, 29, 70) . Thus, it has been found that potas- 
sium poisoning and resultant muscular dysfunction may occur in animals where 
the added potassium is reflected in an elevated serum potassium level while the 
skeletal muscle potassium level remains low. Moreover, the toxic effects of 
injected potassium have been shown to be directly related to the elevation in 
concentration of serum potassium and only indirectly to that of muscle potas- 
sium (70). It should be borne in mind, however, that this is evidence based on 
potassium toxicity rather than potassium deficiency, and it is, perhaps, not 
valid to draw conclusions from this as to the mechanism of periodic paralysis. 

Miller and Darrow (69) have failed to alter muscle contractility in rats by 
changes either in muscle potassium or by low concentrations of serum potassium. 
This has prompted them to state that disturbances in muscle potassium are not 
per se the explanation of familial periodic paralysis. Their findings are not in 
agreement, however, with repeated observations of others (35, 48). A point of 
difference in the experimental techniques of Miller and Darrow and others which 
may be significant is that the potassium deficiency produced by them, although 
profound, was achieved slowly and gradually by potassium deficient diets and 
by adrenalectomy, whereas others have produced rapid changes of potassium 
by perfusion techniques and have succeeded thereby in altering muscle activity 
(69). Here, again, the rate of potassium change appears to be important. 

Transient paralysis and cardiac arrest have been reported in 2 cases of high 
serum potassium toxicity by Finch and Marchand (41), in one of which a sub- 
siding paralysis returned following a dose of KCl. In each instance, a flaccid 
paralysis developed, sparing the head, and was characterized by areflexia and 
intact mental and sensory functions, findings observed in periodic paralysis. 
The issue is raised, therefore, whether or not the potassium disappearing from 
the serum in periodic paralysis may have produced an intracellular potassium 
poisoning in neuro-muscular tissue. Such a concept has been suggested by 
Serebryanik and Zaroehentseva (81). This seems to be unlikely, for not only 
would the potassium then be going against the gradients, but one would not ex- 
pect a therapeutic effect from potassium administration. Moreover, otheis 
have successfully produced attacks of paralysis in susceptible patients by each 
of two methods which act by depleting body potassium, namely , washing potas- 
sium from the serum and tissues by water diuresis and by administration of 
desoxycorticosterone. In addition, electrocardiographic changes when present 
in familial periodic paralysis show low T waves (87 , 88) rather than elevated T 
waves as occur in-potassium toxicity (41, 90, 99). _ _ • 

Of special interest and significance is the rapidity with which cardiac disorder 
developed following the ingestion of glucose in the second induction of our experi- 
ment. Within 5 minutes after the completion, or within 8 minutes of the begin- 
ning of the ingestion of 300 grams of glucose dissolved in 450 c.c. of water, the 
patient developed bigeminal rhythm which was confirmed electrocardiographi- 
cally. That this cardiac effect was not caused by vagal stimulation as a result 
of gastric distention is supported by the following facts. In the first experi- 
mental induction of paralysis an abnormal bigeminal radial pulse rhythm, was 
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noted 2| hours following the ingestion of a similar quantity of fluid and persisted 
for at least an hour thereafter. The abnormal pulse in the second induction also 
persisted for at least an hour. The delayed onset of arrhythmia in the first 
instance, and the persistence of both for prolonged intervals do not seem con- 
sistent with the effects of vagal stimulation from gastric distention. Moreover, 
at the end of the experimental procedure an attempt was made to induce an at- 
tach of paralysis by forced drinking and during a period of hours the patient 
drank over 4 quarts of water, often several glasses in succession, without the 
development of any disorder. 

It has been noted experimentally that insulin may stimulate the vagal centers 
(5) , but the rapidity of onset of arrhythmia in the second attack is not compatible 
chronologically with sufficient insulin response to the glucose ingestion for such 
an effect. 

Although bigeminal rhythm has not heretofore been described in familial 
periodic paralysis, delayed nuriculo-ventricular conduction has been noted in this 
disease as well as in hypopotassemin in other conditions such as desoxycorti- 
costeronc acetate toxicity and chronic nephritis (12, 87, 88). The finding in 
this case, however, of bigeminal rhythm is to be compared with the presence of 
the same findings in digitalis toxicity from which it is indistinguishable. There 
is considerable evidence pointing to the fact that a cardiac intracellular potas- 
sium deficiency is produced in overdoses of digitalis (15, 9G). Moreover, it is 
known that premature systoles in such toxicity may be dispelled by the adminis- 
tration of potassium salts (80). That the bigeminal rhythm is an hypopotas- 
semia affect is further supported by the associated presence of depressed and 
inverted T waves in the electrocardiogram. 

Pudenz and his co-workers (77) noted that the bradycardia of 40 in their pa- 
tient increased to 120 after atropine, and Stoll and Nisnewitz (88) observed that 
the electrocardiographic changes (delayed conduction) in their patient with 
periodic paralysis were also corrected after atropine, suggesting that the hy- 
popotnssemia produces its cardiac effects by a vagal-like action. That potassium 
concentrations are intimately involved in the activity of the vagus nerve is well 
known, but the stimulating effect upon the vagus is produced by increases of 
potassium levels, rather than the lowered potassium levels presumed to be in 
effect here. The atropine used by these workers may have suppressed normal 
vagal tone, thus improving impaired conduction from another cause, perhaps a 
direct effect of potassium deficiency upon the conduction system distal to the 
vagal endings. The findings of low T waves rather than high ones, as stated 
above, refutes the contention that intracellular cardiac potassium is elevated in 
periodic paralysis. 

That such a rapid development of cardiac dysfunction as occurred in our ex- 
periment could have developed as a result of rapid shifts of potassium is further 
supported by the findings on both occasions of a decreasing serum potassium 
level already detectable on the first post-glucose specimens difawn 15 minutes 
after the. glucose was taken. Castleden (1G) has shown that after adrenalin is 
injected intramuscularly in normal subjects, the serum potassium begins to fall 
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at the end of 3 minutes, and that most of the fall occurs within 10 to 20 minutes. 
It is known from other sources that movements of potassium may be very rapid. 
Its entrance into the liver occurs with great rapidity presumably because it 
enters in combination with some anion as an isotonic solution rather than by 
the slower process of cation exchange such as occurs in muscle (34). Thus, in 
cats, within 15 to 25 minutes, injected radioactive potassium reaches a minim al 
value in the plasma, and a large portion of it has entered the liver cells (33, 98). 
After this there is a secondary rise of marked potassium in the blood (detected 
in^ the radioactive part of our study) reaching a maximum 40 minutes after 
injection. 

There are two possible mechanisms which may have been responsible for 
producing a strong intrinsic demand for potassium immediately following the 
ingestion of glucose. The first and probably the most important is the liver. 
The absorption of glucose, which occurs primarily in the small intestine, is rapid 
and rises in blood sugar following its ingestion have been shown in animals to 
be detectable within 2 to 3 minutes (5). It has usually been thought that the 
rate of absorption of glucose from the intestine has been limited to a maximal 
amount of 0.85 grams per kilo per hour, regardless of the quantity available in 
the intestine (97). However, under conditions of forced feeding with strong 
glucose solutions, as in this experiment, maximal absorption rates are present 
only at the beginning of absorption and decrease thereafter with time (64). 
Thus, within a few minutes following the beginning of glucose ingestion, this 
sugar can be assumed to have been reaching the liver via the portal system at a 
maximal rate. Venous hyperglycemia has not yet developed, however, so that 
the glucose concentration in the systemic circulation is not yet at a maximal 
value. Most alimentary glucose undergoes glycogenesis rapidly in the liver, 
and, as has already been pointed out, this process demands the presence of a 
definite amount of potassium. Thus, maximal hepatic glycogenetic drain on 
potassium within a short period of time, as evidently occurred in this patient, 
is understandable. 

The second possible site where potassium may have been in immediate demand 
is the intestinal mucosa. There is experimental indication that glucose absorp- 
tion through intestinal mucosa is associated with phosphorylation of the glucose 
(5) . This is based in part upon the fact that phosphorus content of intestinal 
mucosa increases during glucose absorption (31). As we have seen, the process 
of phosphorylation probably depends upon the presence of potassium, so that it 
may be justifiable to suggest that the potassium content of intestinal mucosa 
may also increase during glucose absorption. It has been shown in frogs that 
potassium does increase the permeability of the intestinal wall to glucose (44). 

Thus, mobilization of potassium by hepatic glycogenesis and intestinal glucose 
absorption could account for the cardiac arrhythmia in this patient. This 
cardiac disorder was probably related to a falling potassium content of cardiac 
muscle. That the heart alone and not the other tissues was so readily affected 
by potassium deficiency is not surprising inasmuch as the reactions to potassium 
changes of various tissues have been shown to differ (27, 100). • It is important 
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to remember that it may have been the rate of change of cardiac potassium, with 
uncompensated disturbances of potassium-calcium or other electrolytic balance, 
rather than the magnitude of cardiac potassium change which determined im- 
pairment of cardiac function. 

For heart function to have been so quickly affected sufficient potassium must 
have been drawn out of the scrum into the liver or intestinal mucosa creating a 
drain on cardiac muscle potassium within 5 to 8 minutes. If the withdrawal of 
such a quantity of potassium in thnt short a time is not physiological, this then 
may be the defect in potassium behaviour in periodic paralysis, namely, a patho- 
logical mobility of the potassium ion. 

Extra-hepatic glycogenesis, likewise, may create a drain on body potassium, 
but at least at the beginning of a glucose induced attack this is probably of 
secondary importance. Subsequently, glycogenesis in muscle tissue, may play a 
r61e in creating this great potassium demand. Under such circumstances, if one 
places the locus of potassium deficiency which creates paralysis in muscle rather 
than in nerve tissue, it is necessary to postulate that the intermediate phosphory- 
lating steps of glycogenesis bind potassium within the muscle cell to such an ex- 
tent that there fe not a sufficient amount of the element available for the intra- 
cellular potassium functions of the high energy phosphate systems in muscle. 

Some indirect evidence, however, that muscle is not the site of excessive ac- 
cumulation of phosphorylating carbohydrate compounds in this disease is derived 
from the observation of Brand and Harris (11). They found a decreased content 
of both creatine and acid soluble phosphate in the muscle of a patient witli fa- 
milial periodic paralysis. As noted earlier, parallel shifts of intramuscular 
creatine and potassium have been observed. 

The absence in patients with periodic paralysis of the normal limitations on 
the glycogenetic drain on potassium may be explained by one of the following 
concepts: by greater amounts of potassium required in patients with periodic 
paralysis for glycogenesis in liver or other tissues; by some unnaturally main- 
tained intracellular potassium deficiency in hepatic or other tissues; or by differ- 
ences in the cellular permeability of certain tissues to potassium or to other 
cations capable of replacing potassium within the cell. 

The clinical evidence for a central nervous system mechanism causing the 
paralysis in this disease stems chiefly from the observations of Pudenz, McIntosh 
and McEachem (77) who constricted one arm of a paralyzed patient above the 
systolic level, and then, after injecting 1 gram of ICCl intravenously in the other 
arm, noted, within 5 minutes, recover}' in all parts including the constricted arm. 
This was not confirmed, however, by Ferrebec, Gerity, Atchley and Loeb (39). 

The clinical characteristics of the syndrome contradict the conception of a 
central neural etiology. The depression or absence of electrical irritability of 
muscle is strong evidence against it. This is supported by the failure to find 
changes in the cerebrospinal fluid potassium values by us and others (77, 89). 
NeurologicaUy, the defect producing flaccid, arefiexic paralysis without sensoiy 
change must bo along a final common pathway beginning with the anterior horn 
cell and extending to the motor effector cell. It is very unlikly that potas- 



130 


HARVEY GASS, MARTIN CHERKASSY AND NATHAN SAVITSKY 

sium deficiency affects the anterior horn cell selectively within the central 
nervous system. 

Moreover, the validity of the experimental procedure of Pudenz and co-workers 
is questioned by the fact that the anoxic trauma of arterial constriction releases 
potassium from tissue cells (83). Thus, McCance and Widdowson (65) and 
Rewell (79) have reported increases in serum potassium in orthopedic operations 
following prolonged arterial constriction. In one subject of ours whose arm was 
aiteiially constricted from 25 to 30 minutes, the serum potassium below the 
level of constriction rose on one occasion from a value of 16.0 to 28.0 milligrams 
per 100 cubic centimeters, on another from 14.3 to 74.0 milligrams per 100 cubic 
-centimeters, and on a third occasion, with the same technique, hemolysis with 
gross increase of potassium was evident after constriction. 

It is not impossible that the peripheral conduction of the nervous impulse as 
well as muscular contractions may be affected by a severe serum or cellular 
potassium deficiency in periodic paralysis, but if this is so, it must be assumed 
that only spinal motor nerves are so affected inasmuch as sensory functions and 
usually cranial nerves are intact in this disease. 

Confirmation of the potassium-carbohydrate relationship might be obtained 
from adequate potassium studies, which have not been reported, in von Gierke’s 
■disease, where abnormal accumulations of glycogen occur especially in the liver, 
kidneys and the heart. Low serum inorganic phosphate levels and flaccid, hypo- 
tonic musculature have been noted occasionally in this syndrome (93). 

The role of potassium in the production of muscular weakness and paralysis 
raises the issue of its place- in the etiology of muscular dystrophies. Several 
authors (6, 78) have noted the occasional incidence of patients with periodic 
paralysis developing progressive muscular dystrophic disease. Cummings has 
observed in muscle biopsy studies (20, 21,' 22, 23, 24, 25) that the muscle potas- 
sium content was normal in most neurological conditions, except for three disease 
groups. Low values were found in neuromuscular dystrophies where normal 
muscle tissue was replaced by fat or connective tissue. Very high values were 
present in the involved muscles in myasthenia gravis and very low levels in the 
•myotonias. Following prostigmine injections in the latter two conditions, the 
muscle potassium approached normal, decreasing in myasthenia gravis and 
increasing in myotonic conditions. In myasthenia gravis associated with a 
low concentration of muscle potassium following prostigmine, there was a 
concomitant increase in serum potassium with clinical improvement. When the 
effect of prostigmine wore off the muscle potassium rose again. The benefit 
clinically of potassium administration, in most cases of myasthenia gravis is 
generally accepted. This has been convincingly reported by Laurent and Wa - 
ther (63). In myasthenia gravis, therefore, the extracellular potassium level 
may be of some etiological importance. Prostigmine in normals did not affect 
serum or muscle potassium levels. Following exercise in two patients wit 
marked myotonia and minimal atrophy, clinical improvement was associated 
with a decrease in the serum potassium level. Muscle potassium concentra- 
tions were not determined, so that one can only guess that the muscle potas- 
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sium may have increased to normal. Glucose and insulin administrations in 
two patients with dystrophica myotonica failed to alter significantly the serum 
potassium level. In one patient with familial periodic paralysis, when the 
patient was well, a normal muscle potassium was found. Unfortunately, no 
determinations could be obtained during an attack. In one patient included in 
Cummings’ reports who had muscular weakness associated with a parathyroid 
tumor, before removal of the tumor there was a low muscle potassium content, 
which decreased with prostigmine, and following removal, when the patient was 
recovered, there was a normal muscle potassium value which did not change after 
prostigmine. In nutritional muscular dystrophies produced in rabbits, low mus- 
cle potassium, creatine and magnesium values were obtained by Term and 
Goettsch (36), which were presumably proportional to the loss in numbers of 
intact fibers noted histologically. It is of further interest that we recently saw 
a ten month old female infant (L. F.,M.H. #42112) with amytonia congenita 
who had persistently low serum potassium values. 

What significance such potassium changes may have in the pathogenesis of 
dystrophic muscular disease remains to be determined. The incidence of endo- 
crinological disorders in muscular dystrophies and the response of potassium to 
various endocrine stimuli strengthens the possibility of the etiological importance 
of potassium. Judging from the complexity of potassium behaviour it is un- 
likely that a single explanation of its disordered metabolism in any of these dis- 
eases will be applicable to all the others, nor possibly, even, to all cases of the 
same clinical syndrome. 

It has been suggested by Jinh5ncz-Dtaz and his co-worlcors (54) on the basis of 
two of their own cases with suggestive hypopotassemia that abortive syndromes 
of periodic paralysis may account for occasional instances of recurrent marked 
asthenia and fatiguability without demonstrable paresis. 

In summary, the pathogenesis of periodic paralysis is based upon a metabolic 
disorder of potassium. The affection is often activated clinically by excessive 
carbohydrate metabolism. It seems likely, as Talbott (89) previously specu- 
lated, that the resulting hepatic glycogenesis is an important factor in creating: 
a drain on body stores of potassium. The rapid onset of cardiac arrhythmia, 
following glucose ingestion in this patient coincides in time with such an expected! 
maximal concentration of potassium in the liver and so seems to bear out Tal- 
bott’s hypothesis. In this disease, such n potassium mobilization exceeds normal 
limits. This defect must depend upon an unexplained natural deficiency of 
potassium in the liver or other tissues, upon an unexplained increased require- 
ment for potassium in certain aspects of carbohydrate metabolism, or upon a 
change in cellular permeability to potassium or other cations. Any of these 
defects may be hereditary. The contractile high energy phosphate systems of 
the muscles are thus deprived of ample amounts of potassium needed for normal 
function. The potassium presumably remains unavailable until it is replaced 
from extrinsic sources or until normal carbohydrate utilization is sufficient to 
release ample amounts of potassium. 

To further elucidate this concept it is suggested that in subsequent investiga- 
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tions controlled hepatic vein catheterization experiments be done for potassium 
and phosphorus contents of hepatic venous blood before and during the develop- 
ment of attacks. Simultaneous liver and muscle biopsies for potassium content 
should prove valuable. By determining in patients and controls the rates at 
which equilibrium is reached between K 42 and ordinary potassium in various 
tissues and body fluids, further evidence of the possible r61e of pathological 
mobility of potassium in these patients may be found. 

SUMMARY 

1. Attacks of paralysis were induced on each of two occasions in a patient 
with periodic paralysis by the ingestion of 300 grams of glucose in hypertonic 
solution. 

2. The development of these attacks was accompanied by falling serum potas- 
sium levels and was unassociated with concomitant excessive potassium excre- 
tion. Recovery was associated with a rising serum potassium level. 

3. A comparable but less marked and less sustained fall and rise in the serum 
phosphorus level was noted in one closely observed attack. 

4. A suppression of both phosphorus and potassium urinaiy excretion during 
the phase of maximal paralysis was noted. 

5. An increased urinary excretion of creatine and creatinine was observed. 

6. No significant changes were noted in the serum sodium levels, red blood 
cell potassium concentrations, spinal fluid potassium levels or the glucose toler- 
ance of this patient in relation to the development of an attack of paralysis. 

7. Pertinent current knowledge concerning normal potassium behavior as it 
is involved in carbohydrate, muscle and nerve metabolism is briefly reviewed. 

8. Evidence is presented which supports the hypothesis that hepatic inter- 
mediate carbohydrate metabolism plays an important r61e in periodic paralysis 
by lowering potassium content of muscle. 

9. That serum levels of potassium in periodic paralysis do not directly deter- 
mine the onset of paralytic manifestations is emphasized. 

10. Bigeminal rhythm in an induced attack of periodic paralysis is noted. 

1 1 . Incidental observations concerning K 42 metabolism in humans are reported. 

We wish to acknowledge gratefully the assistance given in the production of 
this report by Dr. Louis Leiter, Dr. H. Houston Merritt, Dr. Donald Alderman, 
Dr. S. M. Seidlin and Eleanor Oshry. 

LIST OF REFERENCES 

1. Aitken, R. S., Allow, E. N., Castleden, L. I. M., and Walker, M., Observations 

on a case of familial period paralysis, Clin. Sc., 3 : 47-57, ’37. 

2. Allow, E. N., and McArdle, B., Further observations on familial periodic paralysis, 

- Clin. Sc., 3: 229-239, ’38. 

3. Benedek, L., and v. Angtal, L., Beitrfige zur Pathogenese der paroxysmalen Lah- 

mung (Myoplegia familiaris), Ztschr. f. d. ges. Neurol, u. Psychiat., 174: 213-228, 

’42. 



POTASSIUM AND PERIODIC PARALYSIS 


133 


4. Berry, J. W., Chappell, D. G., and Barnes, R.B.,Improvcdmethodof flame photom- 

ctry, Industrial nnd Engineering Chemistry, 18: 18-24, Jan 15, ’46. 

5. Best, C. H., and Taylor, N. B., The physiological basis of medical practice, Wil- 

liams & Wilkins Co., Baltimore, 1945. 

6. Biemond, A., and Daniels, A. 1’., Familial periodic paralysis end its transition into 

Bpinal muscular atrophy, Brain, 67: 91-10S, ’34. 

7. Bishop, G. H., Nerve and synaptic conduction, Ann. Rev. Physiol., 8: 355-374, ’46. 

8. Borsook, H., and DuHNorf, J. W., Tho hydrolysis of phosphocreatine and the origin 

of urinary creatinine, J. Biol. Ckem,, 168: 493-510, ’47. 

9. Boyer, P. D., Lardy, H. A., and Phillips, P. H., The role of potassium in musclo 

phosphorylations, J. Biol. Chcm,, 146 : 673-682, ’42. 

10. Boyer, P. D., Lardy, II. A., and Phillips, P. H., Further studies on tho role of po- 

tassium and other ions in tho phosphorylation of the adenylic system, J. Biol. Chcm., 
149 : 529-541, ’43. 

11. Brand, E., and Harris, M. M , Phosphorus metabolism in muscular disease, J. Biol. 

Cliem., 97: lxii-Kiii, '32. 

12. Brown, M. R., CuRnENS, J. H., and Marchand, J. F., Muscular paralysiB nnd elec- 

trocardiographic abnormalities resuiting from potassium loss in chronic nephritis, 
J. A. M, A., 124: 515-549, Feb. 26, ’44. 

13. Buell, M. V., and Turner, E., Cation distribution in muscles of ndrenalectomized 

rats, Am. J. Physiol., 134: 225-239, ’41. 

14. Buzzard, E. F., Three cases of family periodic paralysis with a consideration of tho 

pathology of the disease, Lancet, 2: 1564-1567, Dec. 7, ’01. 

15. CALnoUN, J. A., and Harrison, T. R., Studies in congestive heart failure; the effect of 

digitalis on potassium content of cardiac muscle of dogs, J. Clin. Investigation, 10: 
139-144, ’31. 

16. Castleden, L. I. M., The effect of adrenalin on tho serum potassium level in man 

Clin. Sc., 3: 241-245, '3S. 

17. Conway, E. J., and Boyle, P. J., A mechanism for tho concentrating of potassium by 

cells, with experimental verification for muscle, Nature, London, 144: 709-710 Oct 
21, ’39. 

18. Com, C. F., Mammalian carbohydrate metabolism, Physiol. Rev., 11: 143-275, ’31. 

19. CmssioN, J. M., Crismon, C. S., Calabresi, M., and Darrow, D. C., Electrolyte 

redistribution in cat heart and skeletal muscle in potnssium poisoning, Am J 
Physiol., 139 : 667-674, ’43. 

20. Cummings, J. N., Estimation of potassium and potassium content of normal voluntary 

muscle, Biochem. J., 33; 642-044, '39. 

21. Cummings, J. N., Potassium content of muscle in disease, Brain, 62: 153-150 ’39. 

22. Cummings, J. N., Role of potassium in myasthenia gravis, J. Neurol & Psychiat 

3: 115-122, ’40. 

23. Cummings, J. N., Potassium and muscular disorders, J. Neurol. & Psychiat 4- 226- 

234, ’41. ’’ ' 


24. Cummings, J. N., Effect of prostigmin on urinary excretion of potassium in normal 

subject, J. Neurol. A Psychiat., 4: 235-230, ’41. 

25. Cummings, J. N., and Maas, O., Blood changes in dystrophia myotonia, Brain, 62: 


26. Daunghaus, E. A., Beobachtung von paroxysmaler (periodiseber) Lahmunc bci 2 

BrOdern, Ncrvcnarzt, 14: 347-352, ’41. 

27. Darrow, D. C., Harrison, H. E., and Taefel, M., Tissue electrolytes in adrenal 

insufficiency, J. Biol. Chcm., 130 : 487-502, ’39. 

28. Darrow, D. C Yannet, H and Miller, H. C., Factors controlling musclo water 

and electrolyte, J. Biol. Chem., 133: xxiv, ’40. 


v 



136 


/ 

HARVEY GASS, MARTIN CHERKASKY AND NATHAN SAVITSKY 


/4 ' Mybrs ’ 7' C ;’ and Mangun, G. H. f Comparative studies on creatine, phosphorus and 
potassium m various muscle tissues, J. Biol. Chem., 132: 701-709 ’40 
5. Nachmansohn, D., and John, H. M., Inhibition of choline acetylas’e by *-keto-acids, 
Proc. Soe. Exper. Biol. & Med., 57: 361-362, >44 ’ 

76. Nelson N ; , Rapoport, S„ Geest, G. M„ and Mirsky, I. A., The influence of fasting, 
epmephnn, and insulin on the distribution of acid-soluble phosphorus in the liver of 
rats, J. Biol. Chem., 144: 291-296, '42. 

PUDENZ, R. H., McIntosh, J. F., and McEachern, D., The role of potassium in famil- 
ial periodic paralysis, J.A.M.A., 111: 2253-2258, Dec. 17, >38. 

Radermecker, J., and de Haeve, 3L, Paralysie pdriodique et potassium sdrique; esBai 
de groupement a propos d'une observation personnelle, Monatschr. f. Psychiat u 
Neurol., Ill: 113-143, >45-46. 


77 


78 


79. Rewell, R. E., Rise in potassium concentration in the blood stream following ischemia 

of muscle masses, Brit. M. J., 2 : 483-484, Oct. 16, >43. 

80. Sampson, J. J., Alberton, E. C., and Kondo, B., The effect on man of potassium ad- 

ministration in relation to digitalis glycosides, with special reference to blood serum 
potassium, electrocardiogram and ectopic beats, Am. Heart J., 26: 164-179, >43. 

81. Serebryanik, B., and Zahochentseva, V., Clinical aspects and pathogenesis of 

paroxysmal paralysis, Nevropat. i psikhiat. (nos. 1-2), 9: 179-183, ’40. 

82. Singer, H. D., and Goodbody, F. W., A case of familial periodic paralysis with a critical 

digest of the literature, Brain, 24 : 257-285, >01. 

53. Solandt, D. Y., Muscle, Ann. Rev. Physiol., 7: 275-304, >45. 

54. Soskin, S., Levine, R., and Hechter, O., The relation between the phosphate changes^ 

in blood and muscle following dextrose, insulin and epinephrin administration, Am. 
J. Physiol., 134: 40-46, >41. 

85. Stadie, W. C., The relation of insulin to phosphate metabolism, Yale J. of Biol. & 

Med., 16 : 539-559, ’44. 

86. Steinbach, H. B., Sodium and potassium in frogmuscle, J. Biol. Chem., 133: 695-701, 


’40. 

87. Stewart, H. J., Smith, J. J., and Milhohat, A. T., Electrocardiographic and serum 

potassium changes in familial periodic paralysis. Am. J. Med. Sc., 199 : 789-795, ’40. 

88. Stoll, B., and Nisnewitz, S., Electrocardiographic studies in a case of periodic 

paralysis, Arch. Int. Med., 67: 755-761, ’41. 

89. Talbott, J. H., Periodic paralysis; clinical syndrome, Medicine, 20: 85-143, ’41. 

90. Thomson, W, A. R., Potassium and T wave of the electrocardiogram, Lancet, 1: 80S- 


811, April 8, ’38. . .... , 

91. Thorn, G. W., and Firor, W. M., Desoxycorticosterone acetate therapy in Addison s 

disease; clinical considerations, J.A.M.A., 114: 2517-2525, June 29, 40. 

92. Utter, M. F., Wood, H. G., and Reiner, J. M., Anaerobic glycolysis in nervous tissue, 

J. Biol. Chem., 161: 197-217, >45. 

93. Van Creveld, S., Glycogen disease, Medicine, IS: 1-128, ’39. . 

94. Van Der Schaar, P. J., Een geval van paroxysmale verlamming (familiare periodieke 

verlamming), Geneesk. tijdschr. u. Nederl .-Indie, 81: 2241-2254, Oct. 21, . 

95. Watson, C. W., Familial periodic paralysis; report of a case showing no changes in 

serum potassium level with a description of electroencephalographic n mgs, a e 
J. Biol. & Med., 19: 127-135, ’46. 

96. Wedd, A. M., The influence of digoxin on the potassium content of heart muscle, J • 

Pharmacol. & Exper. Therap., 65: 268-274, '39. _ 

97. Wiggers, C. J., Physiology in health and disease, Lea and Febiger, Philadelphia, o/. 

98. Wilde, W. S., The distribution of potassium in the cat after intravascular injection, 

J. Biol. Chem., 128: 309-317, >39. , , 

99. Winkler, A. W., Hoff, H. E., and Smith, P. It., Electrocardiographic changes an 

concentration of potassium in serum following intravenous injection o po assiu 
chloride, Am. J. Physiol., 124: 478-4S3, >38. 



POTASSIUM AND PERIODIC PARALYSIS 


137 


100. Winkler, A. W., Hoff, H. E., and Smith, P. K., Factors affecting the toxicity of po-~ 

tassium, Am. J. Physiol., 127: 430-436, ’30. 

101. Winkler, A. W., and Smith, P. K., The apparent volumo of distribution of potassium . 

injected intravenously, J. Biol. Chem., 124 : 589-598, ’38. 

102. Winkler, A. W., and Smith, P. K., Renal excretion of potassium salts, Am. J. Physiol., 

138: 94-103, ’42. 

103. Yannet, H., and D Annoy.', D. C., The effect of depletion of extracellular electrolytes 

on the chemical composition of skeletal muscle, liver and cardiac muscle, J. Biol. 
Chem., 134: 721-737, ’40. 




AORTIC STENOSIS: A STUDY OF THE CLINICAL AND 
PATHOLOGIC ASPECTS OF 107 PROVED CASES* 

CARL WILLIAM IOJMPE, M.D., and WILLIAM BENNETT BEAN, MJ). 

Prom the Department 0 / Jufcmal Medicine of the College of Medicine t 
University of Cincinnati and the Cincinnati General Hospital 

M To understand stenosis we must study it in its unmixed form. •Allbutt. 


TABLE or CONTENTS 


I. Introduction 

II. Comment on the Literature ...... * 

III. Selection of Cases 

Criteria for Selection and Classification. 

IV . Background of the Disease 

Age 

Sex 

Color 

Occupation and Anthropological Type, 

Family History 

Past History 

V. Course Prior to Last Hospital Admission. . . 

VI. Admission Rate 

VII. Study of the Patient . ; 

Cause of Admission 

Group I 

Group II 

Discussion 

VIII. Physical Examination 

Pulse, Respiration and Blood Pressure. 

Discussion ; 

Respiratory Rate 

Heart 

Auscultation 

Murmurs 

Thrills '. 

Rhythm 

Discussion 

Other Signs 

Discussion 

IX. X-ray Findings 

Discussion 

X. Laboratory Studies 

XI. Electrocardiograms 

XII. Hospital Course. . : 

Discussion 

XIII. Treatment 

XIV. Cardiac Pain . 

Discussion ■ 


140 

140 

141 

141 

142 

142 

143 

144 

144 

145 
145 
147 

149 

150 

151 

151 

152 

152 

153 
163 

154 
153 

155 
,155 

156 
158 

158 
15S 

159 

160 
161 
161 
162 
163 
163 
165' 
ICO 

.167 

16S 


* Presented in part before the Central Society for Clinical Research, Chicago, Illinois, 
November 1, 1946. ' 


139 



140 


CARL WILLIAM KUMPE AND WILLIAM BENNETT BEAN 

XV. Sudden Death 

Causes of Death 

XVI. Accuracy of Diagnosis 

XVII. Pathologic Data •' 

< Discussion 

XVIII. Comment 

XIX. Summary and Conclusions 

XX. References 


169 

172 

172 

173 
179 

179 

180 
182 


I. INTRODUCTION 

Textbook discussion, of aortic stenosis implies a degree of regularity and a 
conformity to pattern which might indicate that further study is superfluous. 
Recent experience on the medical wards where in a single week two patients with 
advanced calcific stenosis of the aortic valve died without our mailing the diag- 
nosis prompted us to 1 carry out the investigation we are now reporting. Al- 
though several methods suggest themselves, a study based on anything but 
autopsy reports leaves suspect the .error of missed diagnosis and of wrong diag- 
nosis. In order that the effect of disease of other valves be excluded in evalu- 
ating the clinical and morphologic findings, only cases in which stenosis of the 
aortic valve was the single significant valvular lesion were included. This se- 
lection permits us to relate symptoms and signs to lesions with more accuracy 
than in the presence of disease of one or more additional valves. Dynamic 
alterations such as mitral regurgitation may well have existed in some cases 
but aortic valve deformity was the only organic valvular lesion. The method 
of selection prevents us from bringing decisive evidence to bear on the moot 
question of pathogenesis since we excluded any case with mitral valve lesion, 
thus eliminating many instances of obvious rheumatic heart disease. 


n. COMMENT ON THE LITERATURE 

We have studied reports dealing with aortic stenosis in medical periodicals and 
textbooks (1-87). For the most part they do not supply a satisfactory basis 
of comparison with our material because they adhere too closely to a classical 
picture of the disease in dealing with clinical cases, or discuss but few cases, or 
combine clinical and post mortem material, or do not discriminate between iso- 
lated aortic stenosis and that complicated by mitral or other valve disease. 
While other valves are commonly diseased in association with aortic stenosis, 
and such combined disease of valves deserves study, our material was selected 
to exclude cases thus complicated. The problem of aortic stenosis per se is 
under consideration. 

Recognition of aortic stenosis at the post mortem table is several cen tunes 
old (11, 59). It cannot be stated with certainty who was the first clinician to 
diagnose it at the bedside. By the end of the last century it was a common- 
place diagnosis (12, 16, 26, 35, 41, 53, 63, 77), and was made, on the basis of a 
systolic murmur heard best over the aortic area. After experience with effor 
syndrome in World War I the systolic murmur fell into disrepute; the diagnosis 
of aortic stenosis was made less often and interest in it declined. In the late 
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20 's and early 30’s the disease came back into prominence following the excellent 
papers of Christian (17, 18), McGinn and White (57), Marvin and Sullivan (55), 
Contratto and Levine (21, 22) and Dry and Willius (28, 29). A number of 
other cardiologists helped clarify our understanding of the disease (1, 3, 8, 9, 10, 
13, 14, 19, 20, 34, 37, 43, 46, 51, 54, 65, 68, 70, 73, 75). To the basal systolic 
murmur transmitted into the neck, the thrill, the large heart and small, slow 
pulse were added once more syncope, cardiac pain and the risk of sudden death — 
all having been noted in early records of the disease (12, 35, 41, 53, 49, 63, 72, 
77, 81), but not properly stressed in the problem of diagnosis. There are to be 
sure excellent discussions of the disease in some texts, notably Scherf and Boyd 
(67), but in many the over simplification has given a distorted picture of the 
disease, or the data have been obtained from complicated cases (16, 21). 

III. SELECTIONS OF CASES 

The basis of this study consists of 107 autopsied cases selected from 15,016 
consecutive records in the department of pathology in this hospital from the 
year 1924 through 1946. The portion of all records dealing with the heart was 
read in order to avoid omissions. The records include those from the pediatric 
service, and since the year 1930, from the Chronic Disease Hospital. These are 
all the routine autopsy reports compiled by senior and junior pathologists under 
the direction of Dr. Richard S. Austin. 

Criteria for Selection and Classification: Cases were selected" for analysis on 
the basis of finding definite stenosis of the aortic valve with calcium deposits. 
If any doubt arose as to the validity of the pathologic diagnosis the case was 
discarded. No measurement of valve circumference was set up as a limit, but 
in all instances it was less than normal. Precise quantitation of the degree of 
valvular obstruction was not feasible but from the description it was possible 
to classify the lesion as severe, moderate or minimal in every case. In many 
instances the qualifying discussion mentioned size of the opening in general terms. 
Stenosis was considered severe when the pathologist recorded it as such or the 
terms “only tip of finger is admitted by the aortic orifice” or “the aortic orifice 
is a mere slit” or “fish mouth”. In a few cases only the tip of the small scissors 
used to open the coronary arteries could be passed through the existing aortic 
opening. Moderate stenosis included those cases when more than the tip of the 
finger could be inserted by the pathologist and includes those cases where “the 
aortic opening just admits one finger”. By mild stenosis is meant those cases 
with definite narrowing of the aortic ring or with obstruction to the outflow of 
blood by calcified leaflets, the opening admitting one finger with ease despite 
gross evidence of stenosis. Immobility of valves gave further hints about the 
degree of stenosis. 

After the entire series of cases had been selected from the files in the depart- 
ment of pathology, the hospital records were studied. In addition to the ana- 
tomical division based upon the degree of stenosis, the cases were divided into 
Group I, the “ cardiacs ” and Group II, the “non-cardiacs" on the basis of symp- 
toms and course of the disease. If there was heart failure, or if the major com- 
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plaint was related directly to the heart, the case was put in Group I. While it 
was difficult to draw a sharp line in a few instances, this approach' was used to 
throw light on the reason for the large number of cases where the diagnosis was 
missed. Since congestive failure did not occur in patients with subacute bac- 
terial endocarditis they were put in Group II. All patients had heart disease. 
The possibilities for handling the data are many; and our choice has followed 
traditional lines for the most part. Some important aspects of aortic stenosis 
have been omitted or given scant consideration because of inadequate data. 

Unlike many diseases with a better known clinical history, aortic stenosis as 
it is seen on the wards often has its sources shrouded in the mystery of dim mem- 
ories and faint recollections. How and when it began are usually uncertain. 
The whole of its natural history cannot be delineated clearly from our data be- 
cause the emphasis of observation is placed on the last chapter of the story, or the 
surprising discovery of stenosis at autopsy. Nonetheless, patients who have 
been observed at intervals supply some of the desired information and from their 
course we can get evidence bearing on prognosis. Not until careful health 
records are kept on large population groups throughout their lives will it be 
possible to fill some of the gaps in our knowledge. 

The human substratum of our cases, influenced by the patient material of a 
municipal hospital, may not conform to that of the higher social and economic 
levels of private practice. Collections of autopsied cases by consulting cardi- 
ologists, however, rarely reach a large size. A complementary study of such 
cases would be very illuminating. Even 107 cases scarcely suffice for broad 
generalizations such as have been made from much smaller series. This limita- 
tion on our data should be borne in mind in evaluating our results, since we have 
not included a statistical manipulation of the figures themselves. 

IV. BACKGROUND OF THE DISEASE 

Age: The cases have been separated on the basis of age, sex, color, occupation 
and body build or type. Figure 1 gives the distribution by age, sex and color. 
The greatest frequency is found in the later decades of life but an occasional 
case appeared in the earlier decades. These facts are striking but their impor- 
tance is emphasized by relating the age distribution of cases to that of the popu- 
lation' of Cincinnati. Using the census figures for the years 1930 and 1940, 
which correspond well with the years covered by the study (1924-1946), the 
curves of Figures 2 and 3 show that aortic stenosis occurred with increasing 
frequency in age groups where the per cent of persons in the general population 
fell off sharply. If the risk of dying with aortic stenosis were the same at all 
ages the percentage of cases in each decade should correspond roughly with the 
percentage of population, that is, follow the line of unity. Figure 2 shows that 
in males aortic stenosis was relatively rare until the fifth decade when its inci- 
dence became nearly proportional to that of the population, with an increased 
frequency becoming progressively more pronounced in the sixth, seventh and 
eighth decades. After the age of 70 it was ten times as frequent as the pro- 
portion of the population in that age group might have indicated. Figure 3 
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reveals the same trend for females. Thus it is demonstrated that aortic stenosis 
as found in autopsy records is predominantly a disease of the older age groups. 
Assuming that the lesion confers no boon of longevity it may be concluded that 
it develops readily during the later periods of life;, and though. the pathologic 
background may commence at an early age the disease itself is evidently no 



Fig. 1. Distkidution by Aon, Sex, and Color 



Fio. 2. Distbibotion of Cases by Age Gnours: Males 

The figures for age represent decades, 10 referring to the first decade, 20 to the second 
and so on. 

barrier to reaching an old age. Presumably it does shorten life in many who 
suffer from it. 

^ Sex: Although males constituted only 48.1 per cent of the city population, 
76.4 per cent of the cases were males with the corresponding figures for females 
51.9 per cent and 23.6 per cent. Men outnumbered women 3 to 1. This is far 
out of line with the situation in acute rheumatic fever and rheumatic heart 
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disease where the sexes are affected about equally (74). Beyond the suggestion 
that endocrine factors may have an influence nothing is known of the cause of 
this disproportion. It is similar to the ratio of men and women with myocardial 
infarcts (5). The degree of stenosis in men tended to be more advanced than 
in women, and more men suffered from heart failure. There was a strong trend 
for heart failure to be associated with severe or moderate stenosis, and not with 
mild stenosis. The exceptions, however, were numerous and it is of interest that 
slightly more than one-fifth of the cases with severe and moderate stenosis were 
in Group II. 

Color: It is reported (74) that the incidence of rheumatic fever is lower in 
Negroes than in whites. In this study Negroes comprised 11.4 per cent of the 



Fig. 3. Distribution of Cases bt Age Groups: Females 

The figures for age represent decades, 10 referring to the first decade, 20 to the second 
and so on. 

city population and 12.3 per cent of the cases giving no evidence of racial dis- 
position or immunity to aortic stenosis. This cannot be cited as testimony for 
or against its rheumatic origin. 

Occupation and anthropological type did not play any significant role in aortic 
stenosis. Many common occupations were represented. Type and body weight 
were distributed over the expected range, with normal or somewhat thin per- 
sons in slightly high frequency. 

A comparison of color, sex and the severity of the lesion is made in Table 1 
with separation of cardiac and non-cardiac cases. Forty-seven cases had ad- 
vanced, 45 moderate and 15 mild stenosis. About f of those with severe or 
moderate lesions fell into Group I while only of those with mild lesions fell into 
this group. Among white males 56 per cent had severe, 33 per cent moderate 
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and 11 per cent mild lesions. Grades of stenosis in white women were: 27 per 
cent severe, 55 per cent moderate and 18 per cent mild. In colored males 10 
per cent had severe, 00 per cent moderate and 30 per' cent mild lesions. The 
three colored females all had moderate stenosis. Seventy-eight per cent of the 
white males were in Group I as were 68 per cent of the white females, 40 per 
cent of the colored males and all 3 colored females. 

Family History: A family history of aortic stenosis was not obtained and only 
one patient knew of another member of the family having lheumatic heart 
disease. A family history of hypertension, coronary artery disease or hemiplegia 
was obtained in 35 per cent of the cardiacs with severe stenosis but in only 10 
per cent of those in other classes. This may be a clue to some underlying dis- 

TABLE l 


Comparison of severity, color and sex m cardiac and non-cardiac cases 



SEVERE 

MODERATE 

MILD 

■ 

Group I 

Group II 

Group I 

Group II 

Group I 

Group II 

White Malo 

31 

9 

21 ] 

3 

4 | 

4 

White Female 

5 

I 

9 

3 

1 

3 

Colored Male 

1 

0 

3 

3 

0 j 

3 

Colored Female 

0 , 

0 

3 | 

0 

0 

0 

Total 

37 

10 

36 | 

0 

5 1 

10 

White Male 

40 

24 

fi 

White Female 

0 

12 

i . 4 

Colored Male 

1 

i 

1 

1 


1 

Colored Female 

0 

: 

S 

0 

Total 

47 

45 

15 
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TOTAL 

White Male 

! 61 

5 

18 

72 

White Tcmxde 

15 


i 

22 

Colored Male 

_ . 

4 


5 

10 

Colored Female 


3 

< 

1 


1 

Total 

78 

! 29 

I 107 


position to sclerosing vascular disease which eventuates in calcification of aiteiy 
or valve. Since cases with complicating mitral stenosis were excluded the role of 
rheumatic fever cannot be evaluated in an unbiased manner. Even with this 
limitation a definite history of acute lheumatic fever was obtained in two-thirds 
of those with relevant data. Also, in view of the common discovery of mitral 
stenosis in this hospital with no history of recognized rheumatic fever our figures 
give formidable testimony favoiing this disease as a precursor of aortic stenosis. 
That other etiological factors exist is possible. 

Past History: Much controversy exists regarding the pathogenesis of aortic 
stenosis, particularly the calcific type. For that reason our information on the 
history of acute rheumatic fever in Table 2 is of interest. Only cases with a 
clear statement about presence or absence of attacks of acute rheumatic fever 
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were included. In 66 per cent there was a positive history. This evidence 
deserves even more emphasis in view of out exclusion from the study of cases 
with significant mitral stenosis. It does not prove that rheumatic heart disease 
is the necessary or invariable antecedent of calcific aortic stenosis. 

The general medical history is recorded in Table 3 with separation into Group 
1 and II and according to the severity of the lesion. Evidence of cardiac failure 
occurs in the Group I cases, with dyspnea in all, orthopnea in most and peripheral 
edema in many. Such signs and symptoms did occur in. some of Group II, but 


TABLE 2 


History of acute rheumatic fever 




GROUP I 


' 

GROUP n 

TOTAL 

Degree of Stenosis 

Severe 

Moder- 
ate | 

Mild 

Severe 

Moder- 

ate 

Mild 


Definite Positive History. 

14 

14 

1 

2 

i 

1 

33 66% 

Definite Negative History. 

9 

2 

1 

3 

i 

1 

17 34% 


TABLE 3 


History 



GROUP I 

croup n 

TOTAI. 

Degree of Stenosis 

Severe 

Moderate 

Mild 

Severe 

Moderate 

urn 





37 

36 

5 

10 

0 

10 

107 


37 

31 

4 

1 

4 

2 

79 


26 

25 

4 

0 

1 

0 

66 


23 

20 

3 

0 , 

j 1 

2 

49 


17 

20 

2 

1 

0 

0 

40 


21 

15 

2 

0 

0 \ 

1 0 

38 


17 

12 

2 

0 

1 

0 

! 32 


10 

12 

3 

0 

1 

0 

26 


13 

7 

1 

0 

0 

0 

21 


7 

6 

0 

0 

3 

2 

IS 


5 

S 

2 

0 

1 

1 

17 


9 

6 

0 

0 

0 

0 

15 


S 

4 

2 

1 

0 

0 

15 


S 

1 

0 

2 

1 

0 

9 


5 

2 

0 

0 

0 

0 

7 


1 

1 

2 

0 

0 

0 

4 


1 

1 

i 

0 

0 

0 

3 


they had been mild, or did not figure in the condition for which the patient was 
hospitalized. Cough was encountered frequently and was associated with other 
signs of congestive failure rather than with infection. Cardiac pain occurred 
in half of the cardiac patients, and in many instances differed from the syndrome 
of classic anginal pain. Abnormal mental states were notable for their variety 
and changeability ranging from trifling petit mal like attacks to delirium or com . 
Dizziness was more common than in other types of heart disease, an syncope 
frequent. Unexplained weight loss was found in a number; and “ 

stances it was associated with weakness, which, was common. Other ymp 
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noted in the history occurred relatively infrequently. There were several in- 
stances of nosebleeds. The sweating and focal central nervous system signs 
were generally accompaniments of forward failure. In summary, the history of 
those who were admitted with manifest cardiac troubles gave evidence of both 
backward and forward failure. There was a tendency for congestive failure once 
established to be chronic, sometimes with gradual remissions, whereas the symp- 
toms we have ascribed to forward failure were usually intermittent, often of 
only brief duration, though there was a trend toward increasing frequency as the 
disease progressed and the patient grew older. 

Our division of cases into cardiac and non-cardiac classes implies that although 
failure of the heart is important in the natural history of the disease, aortic 
stenosis may not cripple the heart, and actually may be latent symptomatically. 
The history of the illness for which the patient was admitted reveals that dyspnea, 
orthopnea and dependent edema predominated in Group I and did not cause 
significant inconvenience in Group II. Similarly cough and cardiac pain affected 
Group I. There was a large element of dizziness, vertigo, syncope and mental 
symptoms in Group I patients. The presumptive evidence attributes such phe- 
nomena to a combination of inadequate cardiac output and vascular disease of 
the brain . W eight loss was found often , and was not accounted for by the usual 
causes. Bouts of sweating were mentioned often. Severe epistaxis was the 
precipitating cause of cardiac failure in 3 instances. While hemorrhage has been 
recognized as a rare factor in precipitating congestive failure or myocardial in- 
farction (5) we have not seen it described as an agent provoking trouble in 
patients with aortic stenosis. 

In Table 4 are listed some of the common findings in the history unrelated to 
the underlying disease. Alcohol addiction leads the list. We have no ready 
explanation of its frequency in this series of eases. The other diseases are not 
out of line with their incidence in adult admissions to this hospital. 

V. COURSE PRIOR TO LAST HOSPITAL ADMISSION 

The clinical course of each patient before the last hospital admission varied. 
Often it was like that of patients with other chronic valvular disease. Several 
patterns of symptoms emerged. There was no particular pattern of cardiac 
failure related to the extent of aortic stenosis. Table 5 lists some of the prom- 
inent features. Symptoms other than mild were not recorded for the 29 Group 
II patients and 19 did not have any cardiac symptoms. Two patients were 
subject to fits of dizziness and syncope. They accidentally fell and ultimately 
died of subdural hematomata. 

Cardiac failure great enough to limit physical activity and present for periods 
varying from one month to several years occurred in 34 patients; 18 had severe 
aortic stenosis, 15 moderate and 1 mild. Repeated bouts of left and right sided 
heart failure were present in 10 patients. Eight of these had moderate aortic 
stenosis. Nineteen cardiac patients gave histories of the abrupt onset of car- 
diac failure 24 hours to a few days before admission. These patients all had 
many complaints due to mild cardiac insufficiency but not enough to interfere 
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with their usual work. Eleven of these 19 patients had severe aortic stenosis, 
6 moderate and 2 mild. Histories of symptoms associated with cardiac insuffi- 
ciency of recent origin (3 months or less) were obtained in 19 cardiac patients; 
10 had severe aortic stenosis, 8 moderate and 1 mi ld. 

Five patients were admitted with histories predominately of impaired mental 
function (confused, paranoid, delirious) for periods of a few days to one month. 
All had previous symptoms of mild cardiac failure. Three of them had severe 
.aortic stenosis. 


TABLE 4 

History ( miscellaneous ) 



GROUP I 

GROUP n 

TOTAL 

Degree of Stenosis 

Severe 

Moderate 

Mild 

Severe 

Moderate 

I Mild 


Severe Alcoholism 

9 

8 

2 

mm 

3 

mm 

24 

Gonorrhea .. 

8 

3 

0 

H 

1 1 

mm 

13 

Treated and Untreated Syphilis. 

5 

3 

0 


1 

i 

10 

Frequent Colds 

4 

3 ' 

O' 

IBB 

0 

2 

9 

Hemoptysis 

8 

1 

1 

IBS 

0 

0 

7 

Pneumonia 

0 

K3H 

0 


2 

1 2 

5 

Night Sweats 

2 

1 2 

0 

0 

0 

0 

4 

Asthma 

a 

2 

i o 

0 

0 

0 

4 

Diabetes 

2 

1 

0 

0 

0 

0 

3 


TABLE 5 


Clinical course prior to final hospital admission 


. 

• 


GROUP I 



GROUP II 

Degree of Stenosis 



Mild 

Severe 

Moder- 

ate 

Mild 

Chronic Congestivo Failure 

H 

15 

m 

0 

0 

0 

Rapid, Progressive, Unremitting Congestive Failure. 
Symptoms Related to Main Cause of Death — Endocar- 

B 

6 

B 

0 

0 

0 

ditis, Carcinoma, Peptic Ulcer, etc 

0 

0 

0 

9 

4 

G 

Repeated Bouts of Congestive Failure 

1 

. 8 

l 

0 

0 

§BpiK| 

Mild Cardiac Symptoms 

0 

0 

)! 

1 

4 


Severe Dizziness and Syncope 

1 


0 

0 

1* 



3 


1 

0 



Severe Epistaxis Precipitating Signs of Heart Failure. 

2 

1 

l 

0 

u 


Cardiac Pain and Cardiac Asthma 

0 

2 

0 

0 

0 



l 

0 

0 

0 

, 0 



* Falls resulting from syncope caused subdura hematoma. 


TOTAP 


34 

19 

19 

10 

8 

0 

5 

3 

3 

1 


Epistaxis of sufficient degree to precipitate cardiac failure occurred in 2 patients 
noth severe aortic stenosis and 1 with moderate stenosis. Another patient who 
had cardiac pain for 7 years was an invalid for 2 years and 8 months because of 
the intractable pain provoked by effort. At autopsy no evidence of recent or 
old myocardial infarction was present but severe aortic stenosis was found. 
“Cardiac asthma!' associated with cardiac pain necessitated hospital admission 
for 2 patients with moderate aortic stenosis. These symptoms and signs were 
present for 1 year in 1 patient and 1 month in the other. 
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Severe dizziness with repeated fallswras the chief complaint of 4 patients who 
exhibited mild signs of cardiac failure. One of these patients had severe steno- 
sis and gave a history of bad dizzy spells for 3 years. The remaining 3 patients 
had moderate aortic stenosis noth dizziness present for periods of 2, 4 and 15 
months. 

Thus the clinical course was not unlike that of patients with other chronic 
valvular diseases but there was not exact correlation of soverity or duration of 
congestive failure with degree of stenosis found at autopsy. A balance between 
the heart’s capacity for work and the degree of valve obstruction must have de- 
termined the progress of the symptoms and signs, but this was not reflected in 
heart muscle hypertrophy in terms of weight. Increased average weight of the 
heart was associated with heart failure as well as with the valvular obstruction 
though there were some individual exceptions (Table 19). There were 34 
patients who had experienced chronic congestive failure with limitation of activ- 
ity but not total invalidism for periods ranging from 12 years to one month be- 
fore their final admission. In 19 patients the signs and symptoms of heart fail- 
ure were severe, commenced abruptfy and lasted only a few weeks prior to 
admission. There were 10 patients who had numerous bouts of failure, often 
but not always requiting hospitalization. When compensation returned the 
adjustment was good and they were able to go about their accustomed activities 
with scant restriction. 

There was a group of patients with acute or chronic cerebral disorders. There 
were G with severe dizziness or syncope which incapacitated them and 5 with 
mental disorders which varied in intensity and kind. Although the evidence 
is not direct these disorders probably are the result of inadequate cerebral cir- 
culation resulting from the aortic stenosis combined -with vascular disease of the 
brain, the locale of which influenced the symptoms. There was no case in which 
carotid sinus sensitivity was found to induce syncope, and it was looked for a 
number of times. 

There were 3 patients whose congestive failure had its clinical inception or 
took a decided turn for the worse following a copious nosebleed. Three others 
had a course characterized by cardiac pain which stringently limited their activ- 
ity even though exercise did not regularly produce attacks. In 2 of these there 
was also severe cardiac asthma. 

The majority of those in Group II had no symptoms of congestive heart fail- 
ure although 8 of the 29 had mild dyspnea and edema. Nineteen were admitted 
for some intercurrent disease which was responsible for their death. In two 
cases death resulted from subdural hematoma, following a fall in a syncopal 
attack. 


VI. ADMISSION HATE 

The average number of hospital admissions per patient for the entire series 
of cases was 1.4. There was a tendency for those with mild lesions to have 
more admissions (1.87) than those with moderate (1.3G) or those with severe 
lesions (1.34). The reason for this is found in the large number of patients with 
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advanced stenosis whose only admission was the final one. The cardiac patients 
had a total of 117 admissions or 1.5 per person, the non-cardiacs had 35 admis- 
sions or 1.2 per person. A number of patients in each category of severity had 
several admissions, the largest number being 8. 

Because season of admission in acute congestive failure and of onset of acute 
myocardial infarction show definite trends (7), the month of admission was 
examined. An evaluation of the data is difficult because of the relatively small 
number of admissions. The seasonal variation is presented in Figure 4. There 
was no special trend in the non-cardiacs but the cardiacs had a definite rise in 
admission rates in the months of September, October and November. This 
suggests that environmental stress may Have influence in determining the onset 
of congestive failure in persons with aortic stenosis. The peak of admissions 



Fig. 4. Month of Admissions 

Number of admissions by months in Group I (cardiac) and Group II (non-cardiac) 
patients. 

is two months earlier than the January peak of attacks of acute myocardial 
infarction (5, 7). 

VII. STUDY OF THE PATIENT 

Because the patient with aortic stenosis has a chronic disease which does 
not run a regular and predictable course, and which may be beset with a multi- 
tude of related and unrelated complications, the clinical picture is one of much 
variability. This is true from one patient to the next and is true of the same 
patient at different stages of his disease. Patients admitted to the wards of a 
municipal hospital are definitely and obviously sick as a general rule but those 
with a chronic valvular disorder may come in because of it or because of some 
intercurrent disease. Division of our cases into cardiac and non-cardiac groups 
revealed some errors in diagnostic awareness and some examples of oversight 
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in evaluating clinical manifestations of the disease. In more instances than we 
suspected, however, where the diagnosis was missed it was because the patient 
did not display the classical signs and symptoms. It was not rare for the heart 
to be strangely silent insofar as the so-called typical murmurs and thrills are con- 
cerned. While the subjective element in physical examination is an unmeasured 
variable we are convinced that the cases we are discussing had reasonably care- 
ful study, sometimes by visiting staff physicians, and usually by students and 


Decree or Stenosis 


TABLE 6 

Chief complaints or disease on final hospital admission 

......1 SZVESJt I VODZSATE I ‘ VILD 


TOTAL 


Group I 





4 


4 

5 

0 



3 

0 


2 

3 

0 



2 



2 

1 

0 





37 

3. 





Group II 


1. Subacute Bacterial Endocarditis: 





Chills and Fover 

< 

3 

1 


Cerebral Embolism 

0 

1 

0 

8 

2. Injury: 





Subdural Hematoma 

0 

1 

1 


Fracturo 

0 

0 

2 

4 

3. Abdominal Carcinoma 

1 

2 

0 

3 

4. nematemeais and Helena 

2 

1 

0 

3 

U. Carcinoma of Breast 

1 

0 

1 

2 

(5. Meningitis 

1 

0 

0 

1 

7. Carcinoma of Prostate 

1 

0 

0 

1 

8. Hemiplegia 

0 

1 

0 

1 

0. Mercury Poison 

0 

1 

0 

1 

10. Urinary Tract Infection 

0 

0 

1 

1 

11. Tuberculosis.... 

0 

0 

1 

1 

12. Carcinoma of Cervix. . 

0 

0 

1 

1 

13. Lobar Pneumonia 

0 

0 

l 

1 

14. Fracture of Hip 

0 

0 

1 

1 

Total 

10 

9 

,0 

29 


house officers. For varying periods during the past 10 years one or both of us 
have seen a number of the patients. 

Cause of Admission: It is customary in this hospital to place on each patient’s 
record the major complaint or cause of admission, often in his own words. In 
Table G we have listed the leading cause of entry into the hospital according to 
Group I or II status and the severity of the aortic stenosis. This table gives ono 
of the main reasons for separation into cardiac and non-cardiac groups. 

Group I: Dyspnea and orthopnea were the chief complaint in 05 per cent of 
the cases. Thus congestive failure was the most prominent cause of admission 
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to the hospital. Cardiac pain, the next most common complaint, accounted for 
onl 3 r 12 per cent. Although the term angina pectoris often was used to describe 
this condition it was usually of a bizarre type and differed from classic angina. 
Mental disturbance of wide variety was the presenting disorder in 9 per cent of 
the cases. It was usually sufficiently severe to cause admission to the psychiatric 
wards.. No standard pattern existed; coma, delirium, confusion, disorientation 
and mixtures of such conditions Were the usual findings. Dizziness and vertigo 
accounted for 6 per cent of the cardiac admissions. They were complained of 
often even when they were not the major presenting symptoms. Syncopal 
attacks constituted the chief disturbance in 5 per cent. They were sometimes 
severe, lasting for many minutes, and their repetition was so disabling as to 
cause the victim to seek relief in the hospital. One patient was admitted for 
repeated attacks of cardiac asthma and 3 had a severe nosebleed. 

Group II: Persons who were admitted for non-cardiac complaints fell into 
many groups — one with various forms of injury, another with manifestations of 
subacute bacterial endocarditis and the remainder a nondescript miscellany. 
Subacute bacterial endocarditis occurred with signs of an infection or had its 
clinical debut with a cerebral embolus. Another group contained victims of an 
injury unwittingly self-inflicted because of a fall induced by syncope. Cranial 
injury with subdural hematoma or fractures of leg or arm occurred, a situation 
which has not been emphasized heretofore. The remainder consists of such 
diseases as are common in older people. Aortic stenosis had been asymptomatic 
or productive of only trivial complaints which -were overshadowed by some other 
more obvious disease. The clientele of a municipal hospital may perceive, eval- 
uate and describe symptoms inadequately. The ease records, while some are 
faulty, are unbiased. Preconceived notions of what should constitute the symp- 
tomatology of the disease cannot have influenced the data when the diagnosis 
was missed. A summary of the most common signs and symptoms is given in 
Figure 5. 

In Group I it was noted that the onset of congestive failure frequently followed 
directly or within hours some unaccustomed activity or vigorous exercise. 
Running, lifting and more protracted work were encountered relatively fre- 
quently and in persons with several admissions for congestive failure such a 
history was common. This was found also in persons with syncope which usually 
followed exercise, or interrupted it, but nothing was found to explain why syncope 
was thus provoked only occasionally. 

Discussion : In Table 6 the cause of admission has been given in detail. Those 

■with cardiac symptoms were admitted for much the same conditions which had 
characterized then course prior to hospitalization. Congestive failure accounted 
for 68 per cent, signs ascribed to forward failure 20 per cent and cardiac pain 
accounted for the, remaining 12 per cent. Untoward exercise or strain preceded 
a worsening of the signs of failure in many cases. Subacute bacterial endocardi- 
tis, carcinoma and injury caused most admissions among those who had not been 
troubled' with congestive failure and the rest of the non-cardiac group u as a 
motley collection of disorders, most of them the degenerative diseases of older . 
years. 
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Vm. PHYSICAL EXAMINATION 

There was no single invariable sign on physical examination although the 
major manifestations of patients with aortic stenosis centered around the heart. 
Failure of either backward or forward type predominated. There was no charac- 
teristic temperature curve. Fever, when encountered, and especially when of 
appreciable magnitude, indicated some complication such as pneumonia, bac- 
terial endocarditis or pulmonary infarction, and in a few instances, myocardial 
infarction. 

Pulse, Respiration and Blood Pressure: There was no regular pattern of 
pulse rate. As a group the cardiacs had tachycardia and an average rate of 
96 while the average for Group II was 86. The means and extremes of cases 


PERCENT 


l OTCPNEA 77 

2. ORTHOPNEA 60 

pm a 

5 EDEMA 47 

4 COUCH 4 1 

6 ANGINA 40 

$. WEAKNESS 34 

7 DIZZINESS 25 

R SYNCOPE 

a WEIGHT 10SS 17 
IQ PALPITATION 14 

U NOCTURIA 14 

12. MENTAL SYMPTOMS 1 1 

13 NOSE OLEED 10 

14 QAS a BLOATING 9 
13 RECENT ASTHMAS 5 

16 HEMOPTYSIS 1TB C 5 

17 NIGHT SWEATS 3 

ia SWEATING ATTACKS 2 
19 SHOCK 2 

2Q HEI/I PARESIS I 

Fig. 5 . Signs a no Sorrows in 84 Cases 

The term angina refers to cardiac pain. Recent asthmas refers to attacks of cardiac 
asthma. 

in various subdivisions are presented in Table 7. Those with a moderate degree 
of stenosis in Group II had a more rapid average heart rate than those with severe 
stenosis. There were several cases of bacterial endocarditis in this group. No 
extremely rapid pulse rates were recorded and marked tachycardia was not 
prevalent. There was no instance where syncope was associcated with extremely 
slow pulse rate and the asystole of the Adams-Stokes attack was nowhere ob- 
served. As far as can be determined from the records, the pulse rate was accel- 
erated in fair proportion to the extent of congestive failure. 

Respiratory rale followed the general trend of tachypnea in the presence of 
congestive failure, and Table 7 reveals that just as dyspnea was a major com- 
plaint of the cardiacs, so also was rapid respiration the common finding. 
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Discussion: Tachypnea was associated with dyspnea in most cases. The 
straight line of low respiratory rates at 20 probably indicates a foible of the 
nurses’ recording of respiration. Our personal observations give assurance that 
a rapid rate of breathing was usual, and was a fair index of the severity of con- 
gestive failure. 

Blood pressure did not conform to the classic description for aortic stenosis 
(2, 17, 21, 28, 38, 54, 75, 78) and there was no standard. Reference to Figure 
6 and Table 7 emphasizes two points — high diastolic pressures were common 
and high pulse pressures with low diastolic pressures were common. Severe 
systolic hypertension was not found but in every class one or more had systolic 


TABLE 7 

Pulse, respiration and blood pressure 




GPOGP I 



cpoup u 


Degree of Stenosis 

Severe 

Moderate 

Mild 

... i 

Severe 

Moderate' 

i Mild 

Pulse Rate: 







Low 

60 

66 


48 

72 

CO 

Average 

24 

27 


86 

95t 

77 

High 

140 

135 


130 | 

120 

130 

Respiratory Rate: 







Low 

20 

20 

20 

20 

20 

20 

Average 

32 

32 

32 

24 " 

29 

25 

High 

65 

44 

46 

38 

36 

35 

Blood Pressure: 

Systolic: 






102 

Low 

60 

6Dt 

138 

28** 

104 

Average 

120* 

140 

163 

130 

126 

140 

High 

174 

190 

190 

190 

190 

180 

Diastolic: 







Low 

50 

30 

80 

40 

35 

38 

Average 

77* 

73 

95 

69 

69 

67 

High 

110 

110 

112 

110 

94 

90 

Pulse Pressure: 






42 

Low 

12 

23 

26 

30 

10 

Average 

46 

67 

64 

61 

56 

68 

High 

20 

120 

90 

110 

85 ! 

i 

100 


* No B.P. could bo obtained in 2 patients, 
t Increased by tachycardia in 4 cases of bacterial endocarditis, 
t No data on 1 case. 

** No data on 2 cases. 


blood pressures in the range of 180 to 190 mm. Hg. Among Group I patients, 
those with severe stenosis had a lower average systolic pressure and those with 
mild stenosis had a higher average systolic pressure. To some extent this same 
variation existed in diastolic pressures. In several instances blood pressure 
readings so different from those described in typical aortic stenosis had been an 
influence against the correct diagnosis. There were a number of patients whose 
pulse was small, and of the slowly rising plateau type, and whose blood P re£S ^ 
showed the relatively low systolic and small pulse pressure. They were m 
definite minority. Reliance on these signs was more a hindrance than a 
in diagnosis because of their rareness. When present they lend conurm 
but their absence is no reason for excluding the diagnosis. 
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Heart: Enlargement of the heart was noted by percussion or by palpation of 
a displaced apical impulse in 78 per cent of Group I and 52 per cent of Group II. 
There was no close correlation between heart size, as detected on the p ysica 
examination, and the degree of stenosis (Table 8). This is in sharp contrast 
to the close relationship found between heart weight and degree of stenosis at 
autopsy. While cardiac dilatation may account for part of this discrepancy it 
is unlikely that it was the only factor. Our study does not provide any con- 
vincing explanation. 



Fig. G. Dibtbxdution or Blood Puf.ssuhes 
T'.vi blood prooowre figArea woTe trovo It.?. fisol, roodios ?.lter 

Auscultation: In 1G instances respiratory noises were so loud that the heart 
tones were obscured. In those with satisfactory auscultation the first heart 
sound at the apex was muffled in the great majority of cases although in some of 
the cardiacs it was described as normal. Where comment was available in 
Group II patients the first sound at the apex was muffled but most often it was 
not described at all. As a general rule, therefore, the apical sounds were not 
clear and pure, but tended to be soft or muffled. At the base, the aortic second 
sound was absent a number of times, was soft or muffled in some but in a few was 
found to be booming in quality. Less information is available regarding the 
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sound of pulmonary valve closure. In four cases it was not heard, in 9 it was 
muffled and in.9 it was normal. A comparison of aortic and pulmonic second 
sounds reveals that P 2 exceeded A 2 in 17 cases whereas A s exceeded P 2 in 16 and 
m 7 they were of equal intensity. The majority of the cases where P 2 was loud- 
est occurred in the cardiacs with severe stenosis. Abnormality of the aortic 
second sound, especially at the base, was helpful in establishing the proper diag- 
nosis, and this was particularly true where it was faint or absent. In some cases, 
where the sound at the right of the sternum in the second interspace was loud, 
the valve was rigid and it is not possible that it contributed a closure so un d. In 
such cases the closure of the pulmonic valve must have provided the sound which 
was clearly and sometimes most loudly heard to the right of the sternum. 

TABLE 8 


Physical examination of the heart: size and sounds 




GROUP I 


GROUP II 

total 

Degree of Stenosis 

Severe 

Moder- 

ate 

Mild 

Severe 

Moder- 

ate 

Mild 


Enlarged 

29 

28 

4 

5 

7 

3 

70 

Apical Sounds: 








1st Sound Normal 

7 

4 

0 

0 

0 

0 

11 

1st Sound Muffled 

30 

10 

4 

1 

4 

1 

50 

No Comment 

0 

22 

1 

0 

6 

9 

40 

2nd Sound Normal 

7 

6 

0 

0 

0 

0 

12 

2nd Sound Muffled, Soft 

30 

8 

0 

0 

0 

0 

38 

No Comment 

o 

23 

5 

10 

0 

10 

57 

Basal Sounds: 

1 




1 



As Absent 

1 10 

4 

1 5 

t 3 

1 

0 

23 

As Muffled — .. 

7 

7 

0 

0 

0 

! o 

14 

As Booming 

2 

4 

0 

0 

0 

0 

6 

As Not Described * 

IS 

21 

0 

7 

8 

10 

Oi 


4 

5 

0 

0 

0 

0 

9 

Ps Muffled 

7 

2 

0 

0 

0 

0 

9 


2 

1 

0 

1 

0 

0 

4 

Ps Not Described 

24 

28 

5 

9 

9 

10 

85 

As > Ps 

4 

6 

2 

1 

2 

1 

16 

Ps > As 

11 

5 

0 

1 

0 

0 

17 


4 

2 

1 

0 

0 

0 

7 

Respiratory Noises Obscured Heart Sounds . 

8 

8 

0 

0 

0 

0 

16 


Murmurs: The rough systolic murmur at the base, transmitted to the neck, 
and the systolic thrill have occupied the center of the clinical picture of aortic 
stenosis of the textbook. One of the complicating factors in most such cases 
described has been the frequent association of mitral valve disease with stenosis 
or regurgitation or both. The present series of cases, because of the exclusion 
of deformity of other valves, permits a more just evaluation of the murmurs 
and thrill produced by stenosis, with or without regurgitation of the aortic valve 
as the exclusive lesion. 

Basal murmurs were frequent (See Table 9). The loud, harsh systolic mur- 
mur heard best over the aortic area was described 78 times and a soft murmur 
was heard 11 times. Transmission to '.the neck was noted specifically in 42 
instances, down the sternum 3 times and to the left axilla once. No transmission 
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was recorded in 45 cases, and there was no transmission to the back. Diastolic 
murmurs were heard at the base 35 tunes, and were more often soft than loud. 
Eleven were transmitted to tho apex and 3 to the xiphoid. The murmurs at 
the base were heard more frequently, were louder and were more widely trans- 


TABLE 9 
Murmurs 


- 

CfcQCP I 

CXOCT II 

'TOTAL 


Severe 

Moder- 

ate 

Mild 

Severe 

Moder- 

ate 

Mild 


Apical: 








Systolic: 









31 

23 

2 

7 

6 

3 

71 

Soft 

3 

6 

2 

2 

2 

2 

17 

Transmitted to Axilla 

15 

9 

1 

2 

1 

2 

30 

Transmitted to Base 

2 

6 

0 

0 

2 

0 

0 

No Transmission Recorded 

17 

15 

3 

7 

4 

3 

49 

Diastolic: 








Harsh, Loud 

2 

3 

2 

1 

1 

1 

10 

Soft 

9 

6 

1 

2 

2 

0 

20 

Transmitted to Back 

5 

1 

0 

0 

1 

0 

7 

Transmitted to Axilla 

2 

1 

0 

0 

0 

0 

3 

Transmitted to Neck 

0 

0 

2 

0 

0 

0 

2 

No Transmission 

9 

9 

1 

3 

2 

0 

*24 

Basal: 








Systolic: 








Aortic — Harsh, Loud 

30 

30 

2 

6 

7 

3 

78 

Aortic— Soft 

2 

2 

1 

2 

1 

3 

11 

Transmitted to Neck 

16 

15 

2 

6 

2 

1 

42 

Transmitted to Xyphoid 

2 

0 

0 

0 

1 

0 

3 

Transmitted to Axilla 

1 

0 

0 

0 

0 

0 

1 

No Transmission 

15 

17 

1 

2 

6 

6 

45 

Diastolic: 








Aortic— Harsh, Loud 

4 

6 

0 

2 

2 

1 

15 

Aortio— Soft 

13 

6 

0 

1 

0 

0 

20 

Transmitted to Apex 

5 

4 

0 

1 

0 

1 

11 


1 

1 

0 

1 

0 

. 0 

3 


11 

7 

0 

1 

0 

0 

19 


3 

0 

0 

1 

0 

0 

4 

JklibUUpiUi 








Systolic 

1 

1 

1 

0 

0 

0 

3 

Diastolic 

4 

1 

0 

1 

0 

0 

- 6 

Thrills, Basal 

8 

7 

0 

3 

2 

1 

21 

Thrills, Tr. to Neck 

6 

5 

0 

0 

0 

0 

it 

Thrills, Apical and Basal 

4 

5 

0 

2 

0 



Thrills, Apical Only 

1 1 

1 

0 

0 

0 



Extrasystolea 

7 

11 

1 

2 

0 



















Respiratory Noiso Obscured 

3 

2 

0 

0 

0 

0 

5 


mitted when the degree of stenosis was severe or moderate than when it was 
mild. 

Apical systolic murmurs were heard in 88 cases or 82 per cent. Four-fifths 
of the murmurs were harsh and loud while the remainder were soft. Murmurs 
were heard more frequently with severe grades of stenosis, and were also louder. 
Transmission to the axilla was noted in 30 per cent. What was described as 
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transmission to the base indicated that the murmur was louder at apex than 
base and could be heard as the stethoscope was moved diagonally from apex up 
to the base. Transmission was not noted in more than half. A diastolic mur- 
mur at the apex was heard in 30 patients but was loud in only 10. In 2 cases 
it was heard in the neck and in 3 in the axilla while in 7 it was transmitted to the 
back. This somewhat unusual transmission is presumably indicative of a large 
heart which approached the -wall of the chest posteriorly. Transmission was 
absent twice as often as it was present. 

In 4 instances the systolic murmur was heard best over the pulmonic area or 
was confined to it. Since the pulmonic valve was normal this murmur doubt- 
less arose from the aortic valve deformity but because of the heart’s location or 
rotation the murmur was heard in the region where pulmonic valve noises are 
commonly heard best. This is in contrast to the transmission of pulmonic 
valve closure sound sometimes heard in the area overlying the aortic valve when 
mechanical closure of the aortic valve was anatomically impossible. 

So-called tricuspid systolic murmurs were heard 3 times and diastolic mur- 
murs were heard 6 times. Since there was no evidence of tricuspid stenosis or 
regurgitation on examining the heart at autopsy, these sounds may have arisen 
from the aortic valve and had a peculiar exaggeration in the tricuspid valve 
area. It is possible that functional tricuspid regurgitation was present, though 
no pulsation was noted in the sometimes very large livers. 

Thrills were palpated at the base alone 21 times, at the apex as well as base 
11 times and in 2 cases were felt at the apex only. All were systolic in time. 
Just one-half of the thrills felt at the base were transmitted to the neck. There 
was good agreement between degree of stenosis and incidence, intensity and trans- 
mission of thrills. 

Rhythm: Extrasystoles were noted on auscultation in 22 cases and a grossly 
irregular rhythm was found in 7. Gallop rhythm was observed in only 5 cases. 

Discussion: Cardiac sounds and murmurs departed from the classical descrip- 
tion of the disease in a number of cases. In 82 per cent of the cases the first 
sound at the apex was muffled. The second sound at the apex was muffled, soft 
or indistinct in 76 per cent. There is relatively little (21, 26, 68) comment in 
the literature on these sounds as noted at the apex, probably because the signs 
at the base have been given so much attention. At the base there was no sound 
of aortic valve closure in 53 per cent of the cases with adequately described 
sounds, in 33 per cent the sound was muffled while in the remaining 14 per cent 
the sound was described as booming. Since in the great majority of cases the 
aortic valve was fixed and incapable of closing it is logical to assume that the 
loud sound heard over the aortic valve was contributed by the closure of the 
pulmonic valve. This interpretation is strengthened by the observation that 
in many such cases the second sound was intensified in association with pu - 
monary congestion. Descriptions of the pulmonic second sound are ina e- 
quate for analysis but a comparison of the aortic and pulmonic second soun s 
revealed P 2 > A 2 in 43 per cent, equal in 17 per cent and A 2 > P 2 in 40 per cent. 
As a general rule abnormality of the first heart sound at the apex was common. 
Even more common and helpful in diagnosis was absence or impurity 0 t e 
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aortic closure sound but in some cases a loud sound was heard at the base over 
the aortic area. One should not demand, therefore, absence or decreased inten-' 
sity of the second heart sound over the aortic valve in establishing the diagnosis 
of aortic stenosis. 

Systolic murmurs were heard at the cardiac apex in 82 per cent of the cases, 
and four-fifths of them were loud and harsh. In one-third the murmur was 
transmitted to the axilla. Ten per cent of those loudest at the apex were trans- 
mitted to the base. Diastolic murmurs were heard at the apex in 30 cases, and 
it is probable that most or all of these had their genesis in aortic regurgitation. 
Systolic murmurs wore heard at the base in only 83 per cent of the cases. The 
murmur’s intensity was usually related to the degree of stenosis. Transmission 
to the neck was noted in slightly more than half of those with a basal systolic 
murmur. Omitting those in whom the murmurs may have been obscured or 
obliterated by loud respiratory sounds 12 per cent had no basal systolic murmur. 
Absence of this murmur was rarer in cardiacs (8 per cent) than in non-cardiacs 
(24 per cent) and the murmur was absent in relatively more with mild than 
moderate or severe stenosis. Nevertheless, in some patients with severe stenosis, 
with or without congestive failure, no basal systolic murmur was heard. We 
cannot account foh all of these instances but in a number the murmur wms 
absent during a period when the heart was failing acutely. 

Failure to recognize the significance of a basal systolic murmur, even with 
upward transmission, indicates the degree to which the systolic murmur had 
fallen in importance. This was probably a misconstruction of the change in 
interpretation of apical systolic murmurs (26). Since our interest in aortic 
stenosis here, there has been too great a swing of the pendulum in the other direc- 
tion. Aortic stenosis is diagnosed too readily by the present house staff. 

Diastolic murmurs were heard best at the base in a third of the cases and were 
not transmitted to the neck, although some were heard widely over the pre- 
cordium. This murmur was like that of luetic aortic regurgitation, and this 
diagnosis was made in 8 per cent of the cases. The presence of a diastolic mur- 
mur, low' diastolic blood pressure, Corrigan pulse and capillary pulsation should 
not militate against the diagnosis of aortic stenosis. 

The murmurs described as pulmonic or tricuspid in all probability came from, 
the diseased aortic valve; possibly from a dilated mitral valve. In no case w'as 
a murmur heard only in these regions and not over the aortic valve. 

Other Signs: Physical signs which occurred with frequency gave further testi- 
mony of congestive failure (Sec Table 10). Rales were heard in the lower portion 
of the lungs, especially at the back, in 73 cases, and this sign of failure was more 
common where the degree of stenosis was severe or moderate. Rales were heard 
in some patients in Group II. Dependent edema had much the same incidence, 
and was associated rvith congestive rales in the lungs. Enlargement of the 
liver was noted in slightly more than half of the cases. Cyanosis, another con- 
comitant of congestive failure, was noted in half of the cases. As a general rule 
these indications of congestion all appeared in a given patient but there was 
some irregularity. 

Sweating, as a prominent feature of the disorder on admission, was encountered 
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in 35 cases. It was usually associated with a shock like condition. Its nature 
is not clear: whether a cerebral reflex or whether it was another sign of acute for- 
ward failure and incipient or established medical shock. Pallor was noted only 
rarely, but when combined with cyanosis and sweating created an impressive 
clinical picture. 

Hydrothorax was found on physical examination 21 times, in 12 on the right 
side only , in 7 on both sides and twice on the left side only. Gross increase in 
venous pressure as evidenced by distended neck veins occurred in 14 cases, all 
Group I cases with either severe or moderate stenosis. Ascites occurred 10 
times, and only in those with chronic congestion of the liver. The spleen was 
felt in 4.' Jaundice occurred twice. One patient had symptoms of a focal 
central nervous system disorder on admission which cleared up while - he was in 
the hospital. 


TABLE 10 
Physical signs 




GROUP J 



GROUP n 


TOTAL 

Degree of Stenosis 

Severe 

Moder- 

ate 

Mild 

Severe 

Moder- 

ate 

Mild 


Basal Rales in Lungs 

32 


2 (1) 

2 

4 (1) 

2 

73 (3) 

Dependent Edema 

25 


2 

2 

5 

0 

03 

Enlarged Liver 

23 


4 

2 

4 

. 1 

50 

Cyanosis 

27 (S) 

22 (0) 

1 (3) 

0 (4) 

1 (1) 

2 

53 (25) 

Sweating 

Hydrothorax: 

17 (9) 

12 (1) 

1 , 

3 (1) 

2 

0 

35 (11) 

Right Alono 

0 

4 

1 

0 

! i 

0 

12 

Both Sides 

2 

4 

o 

0 

i 

0 

7 

Left Alone 

2 

0 

0 

0 

0 


2 

Confusion, Delirium and Coma 

9 

0 

1 

2 

2 

i 

21 

Neck Veins Distended 

8 

6 

0 

0 

0 

0 

14 

Ascites 

3 

5 

0 

0 

1 


10 

Palpable Spleen 

0 

1 

0 

2 

1 

n 

4 

Pallor 

3 

0 

0 

1 

0 


4 

Jaundice 

0 

2 

0 

0 

0 

mm 

2 

Focal CNS 

0 

0 

1 

0 

0 

0 i 

1 


Figures in parentheses indicate additional cases where the sign appeared in the terminal stages of the disease. 


Discussion: Physical signs of congestive failure prevailed among the cardiacs 
but were not confined to those who were admitted with congestive failure. As a 
rule the signs were more frequent and more pronounced among those with con- 
siderable valvular obstruction. Basal rales w r ere heard in the great majority of 
those with failure, and most patients with rales had dependent edema. En- 
largement and tenderness of the liver were only slightly less prevalent. Cyanosis 
occurred with about the same frequency early during hospitalization but 
appeared during terminal stages of the disease in another fairly large group. 
Other signs of congestive failure include hydrothorax which was found 21 times. 
It was confined to the right side in 57 per cent of the cases, bilateral in 33 per 
cent and left sided only in the remaining 10 per cent. These figures should be 
compared with the findings at autopsy. Ascites was noted 10 times and the 
spleen was felt in 4 patients only one of whom had bacterial endocarditis. 
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Sweating, a sign which has been given little attention in discussions of this 
subject occurred in a third of the cases at the time of initial examination and ap- 
peared later in an additional 10 per cent. It was severe, literally drenching the 
patient. Often but not always it was associated with other signs of shock and 
forward failure. In others it occurred in association with bizane symptoms 
referable to cerebral anoxia and here also forward failure seems to be the like- 
liest cause. 

Cerebral disorders, other than acute episodes of syncope or dizziness, were 
important clinical features in 20 per cent of the patients. Coma, deliiium and 
stupor, as well as focal neurological signs sometimes completely dominated the 
symptom complex with which the patient came to the hospital. In a high pro- 
portion of such cases the patient was admitted to or transferred to the psychiatric 
wards for treatment, without recognition of the nature of the underlying disease. 
While it is well known that clouding of the sensorium and focal neurological 
signs may characterize such acute cardiac disorders as myocardial infarction 
(5, 6), the cardiac lesion is more likely to be recognized as a contributing factor. 
It appears that in patients with aortic stenosis we have another group with pri- 
marily cardiac disease in which symptoms are produced at a distance when car- 
diac output is embarrassed. Here, too, vascular disease in the brain provides the 
basis for symptoms and signs by its pattern of focal, irregular or generalized cere- 
bral vascular sclerosis. While it is probable that the basis for syncopal attacks 
is similar, a detailed study of the disordered vascular architecture of the brain 
has not been made to demonstrate it. Nor do our data throw any light on the 
possibility that particular distributions of lesions in the arteries of the brain may 
give a morphologic explanation for sudden death. 

rx. X-RAY FINDINGS 

The x-ray studies are reported in Table 11. The heart was found to be en- 
larged in 75 per cent of the patients studied by x-ray and there was fair agree- 
ment with the estimate of size by physical examination. Hydrothorax was 
detected 12 times and the distribution as to side involved bore out the physical 
examination. Pulmonary congestion was found much less often than the clin- 
ical signs of rales at the lung bases. Where the signs on auscultation ivcre 
pronounced, x-ray evidence usually was found in addition. Enlargement of 'the 
aorta, which would not be expected in aortic stenosis on a priori grounds, was 
found in x-ray or fluoroscopic examination 8 times. In such instances there 
was systolic hypertension or aortic regurgitation, or both. It was found only 
with moderate or severe stenosis, not with mild degrees. ' 

Calcification of the aortic valves seen fluoroscopically and sometimes again 
verified by x-ray films (23, 81) is a valuable confirmation of the diagnosis of 
aortic stenosis. It was found in 5 out of 11 cases studied carefully under the 
fluoroscopc but was not seen on the films. 

Discussion: X-ray studies made on our patients were not pursued in routine 
fashion, and were necessarily limited because of the severity of the illness. The 
heart was enlarged according to the criteria used in 75 per cent of the 44 patients 
with a satisfactory examination. There was excellent agreement between the 
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information gained by physical examination and x-ray study. Cardiac enlarge- 
ment was positively related to the degree of stenosis and to the presence of heart 
failure. Calcification of the aortic valves was demonstrated only 5 out of 11 
times, but systematic study was not undertaken. Gross enlargement of the 
aorta was found in 18 per cent of those x-rayed. This was generally found in 
9 association with aortic regurgitation or systolic hypertension or both. 

TABLE 11 


X-ray and fluoroscopic findings 



' 

GROUP I 


CROUP II 

TOTAL 

Degree of Stenosis 

Severe 

Moder- 

ate 

Mild 

i 

Severe 

Moder- 

ate 

Mild 


Heart Enlarged 

35 

9 

0 

2 

5 

2 

33 

Heart Not Enlarged 

1 

3 

1 

3 

0 

3 

t U 

Hydrothorax: 








Right 

3 

2 

0 

0 

1 

0 

0 

Both 

2 

2 

0 

0 

1 

0 

5 

Left 

1 

0 

0 

0 

0 

0 

1 

Pulmonary Congestion..- 

1 

6 

0 

1 

0 

o 

8 

Enlarged Aorta 

3 

2 

0 

0 

3 

0 

8 

Calcified Aortic Valves (Fluoroscopic) 

4 

0 

0 

1 

0 

0 

5 

Pulmonary Infarct 

1 

1 

0 

0 

0 

0 

2 


TABLE 12 
Laboratory data 



OROUP I 

OROUP II 

TOTAL 


Severe 

Moder- 

ate 

Mild 

Severe 

Moder- 

Mild 









32 

,-30 

4 

B 

7 

6 

85 


5 

6 

1 

4 

2 

4 

22 


29 

24 

5 

7 

0 

8 

70 


2 

0 

0 

0 

0 

0 

2 

RBC Below 4M 

6 

12 

0 

3 

3 

2 

20 


10 

17 

3 

6 

3 

6 

54 

44 (9) 


37 (4) 

14 (5) 

2 

3 

4 

4 


4 

4 

1 

0 

1 

6 

15 

High Venous Pressure 

3 

1 

0 

0 

0 

0 

4 


Parentheses indicate number of cases where the finding occurred terminally. 


X. LABORATORY STUDIES 

The ordinary tests from the laboratory were of little help in establishing a 
diagnosis (Table 12). Many abnormal findings reflected some complication or 
some intercurrent condition. Albuminuria was noted in 79 per cent of t e 
patients on admission and was more common in the cardiacs. In most instances 
it was slight or moderate. Many times it was associated with congestive iai ure 
but sometimes it was found where the prominent disability was forward failure 
Blood urea nitrogen was found to be elevated in 29 of 36 cardiacs and 10 o 
non-cardiacs. Circumstances complicating the course of the disease make i 
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hard to ascribe this to any isolated cause. Renal congestion, pyelonephritis, 
forward failure, hypertension, arterio-nephrosclerosis, renal infarcts and acute 
myocardial infarction or some combination usually were sevei e enough to account 
for nitrogen retention. Red cell counts were generally in the range of normal. 
In 26 cases there was a tendency to anemia, but except in those with bacterial 
endocarditis it was not severe. In several it followed one or more episodes of 
blood loss. Elevation of the leucocyte count was found 45 times. It was asso- 
ciated with some form of infection in most cases, and in no instance could it be 
ascribed to congestive failure alone. Just as did fever, leucocytosis occurred in 
bacterial endocarditis and myocardial infarction. Sometimes the puzzling 
nature of fever and leucocytosis was removed when pulmonary infarcts were 
discovered at autopsy. 

Syphilis, as indicated by a positive Kahn or Wasserman reaction in the blood, 
occurred in 15 patients, 14 per cent. While we have no figures on the incidence 
of syphilis throughout the whole period, tabulation from the obstetrical service 
for the years 1939 through 1946 gives an incidence of 12 per cent positive re- 
actions. Of approximately 11,000 determinations made in the hospital labora- 
tory' in 1944, 13.9S per cent were positive. Thus the incidence of syphilis in 
our patients with aortic stenosis is in keeping with the hospital experience. 
Actually the percentage may be somewhat high in our cases since there were 
relatively more white patients than Negroes and the percentage of positive 
serological reactions in Negroes is 2-3 times higher than in whites in this hospital. 
Syphilitic disease of the aortic valve was not found. 

XI. ELECTROCARDIOGRAMS 

There is no electrocardiogiaphic sign pathognomonic of aortic stenosis. Such 
changes as occur may be ascribed to the underlying disease, the dynamic altera- 
tions which result from the burden thrown on the left ventricle (4), myocardial 
ischemia and associated changes such as coronary arteriosclerosis. The findings 
in 111 electrocardiograms taken in 53 cases are found in Table 13. Rhythm was 
regular in 41 cases, extrasystoles occurred twice and auricular fibrillation existed 
in 10. This incidence of fibrillation in 19 per cent of the cases is much higher 
than has been reported in other series (21, 28). Left axis deviation occurred in 
74 per cent of the cases, and in 8 cases a diagnosis of left ventricular strain was 
made (4) . Left bundle branch block occurred 10 times, complete heart block and 
shifting pacemaker once each. There was prolongation of the P-R interval be- 
yond 0.2 seconds in 16 cases. Inversion of T waves in various leads and com- 
binations of leads was common. Signs of myocardial damage, conduction de- 
fects and arrhythmia were much more common in cardiac than non-cardiac 
cases, and were more frequent with severe than with mild or moderate stenosis 

XII. HOSPITAL COURSE 

Certain features of the hospital course of the 107 patients have been listed in 
Table 14. Respiratory distress of some kind occurred in every one of the Group 
I patients and was severe in CO of 78, while severe respiratory distress was noted 
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in only 4 of the 29 in Group II. In these it was related to pulmonary disease. 
Once congestive failure became established, respiratory distress was severe re- 
gardless of the degree of stenosis. 


TABLE 13 
Electrocardiograms 




GROUP I 



group n 

TOTAL 

Degree of Stenosis 

Severe 

Moder- 



Moder- 




ate 



ate 

Mila 


Rhythm: 

Regular 

18* 


l 

■"4 

£ 

0 

41 

Extrasystoles 

0 



0 

0 

0 

2 

Auricular Fibrillation 

4 



0 

0 

0 

10 

Left Axis Deviation 

17 

12 


3 

4 

o 1 

39 

No Axis Donation 




1 

1 

mm 

14 

L.B.B.B 



3 

0 

1 

MW 

10 

L.V.P 



i 0 

0 

1 0 

mm 

8 

Inversion of T, or T, and Tj 


0 

3 

1 


Mi 

26 

Inversion of Tj, Tj and Tj 



0 

2 

mm 

mm 

10 

Inversion of T, and Ts 



0 

0 

H 1 

mm 

4 

Complete Heart Block 

0 

0 

0 

1 

0 

mm 

1 

Prolonged P.R. 0.20-0.20 see 


6 

1 

2 

2 

0 

10 

Shifting Pacemaker 


0 

0 

0 

0 

0 

1 

Number of Cases 


18 

mi 

a 

5 

IB9I 

£3 

Number of E.K.G.’a 


37 

12 

u 

8 

0 

111 


* Numbers indicate cases rather than individual electrocardiograms. 


TABLE 14 
Course 



GROUP I 

GROUP n 

TOTAL 


Severe 

Moder- 

Mild 

Severe 

Moder- 

ate 

Mild 











31 

24 

5 

2 

1 

1 

04 

Bouts of Orthopnea, Flushing, Sweating, Cyanosis, 

16 

10 

1 

1 

0 

0 

28 


S 

C 

1 

3 

3 

2 

23 


10 

11 

1 

0 

0 

0 

22 

Rapid Downhill Course Without Response to Rx. . . 

8 

5 

8 

4 

1 

0 

0 

1 

0 

0 

0 

0 

17 

10 


3 

5 

l 

0 

0 

0 

9 


4 

3 

0 

1 

0 

0 

8 


3 

0 

0 

2 

0 

1 

G 


4 

0 

1 

0 

0 

0 

5 


2 

0 

0 

0 

0 

0 

2 


0 

0 

1 

-0 

0 

0 

1 


1 

0 

0 

0 

0 

0 

1 


1 

0 

0 

0 

0 

0 

1 


In 28 patients there were very striking episodes of flushing, sweating, cyanosis, 
restlessness and confusion. There was usually some dyspnea and orthopnea. 
These spells would come on suddenly without any clear-cut provoking stun us. 
They would last anywhere from minutes to hours. They did not respon we 
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to oxygen therapy. In many persons so affected there was gradual recovery 
but in some the attack vanished as quickly as it had come without regard to the 
kind or degree of treatment. The sweating was especially pronounced, literally 
drenching the gown and bed clothes, Occasionally there was pallor rather than 
flushing. Some degree of shock was present at times, and the blood pressure was 
usually low during the attack. All but one of these patients were in Group I; 
17 had severe, 10 moderate and one mild stenosis. It is surmised that this 
phenomenon was related to forward failure and inadequate cardiac output. Two 
additional patients were admitted in shock, and died without responding to 
treatment. 

Although cardiac pain had been experienced by 40 patients, only 0 of these 
had further bouts of pain after admission to the hospital. There was one ad- 
ditional patient in the non-cardiac class who experienced pain while in bed. 

Symptoms of mental aberration dominated the course of 8 patients. Con- 
fusion, stupor, delirium, hallucinations and disorientation occurred variously 
combined. Five other patients had convulsions. All but one of these 13 
patients had severe or moderate stenosis. Severe dizziness was noted in one 
cardiac patient with only mild stenosis; one with severe stenosis had syncope 
without dizziness and another developed hemiplegia without an acute vascular 
lesion of the brain to explain it. The evidence suggests that such episodes or 
states result from cerebral anoxia ensuing upon inadequate cardiac output 
through the obstructed valve. Their diffuse or focal expression is best explained 
on the basis of the distribution of vascular disease of the brain; and in some re- 
gards they may be compared to the cerebral manifestations which sometimes 
mark the acute phase of myocardial infarction (0). 

One of the notable features of congestive failure in these patients was the 
lack of response to the usual cardiac remedies, notably digitalis, diuretics and 
oxygen. There were 17 patients whose heart failure was rapidly progressive 
and who died after all forms of treatment had failed. In 9 others there was an 
early response to treatment, but without obvious reason the course then took a 
turn for the worse and then treatment was without manifest effect. Thus 26 
of the 78 cardiac patients died after a period where the usual therapy for heart 
failure was not successful. These cases were proportionally distributed among 
those with severe, moderate and mild stenosis. 

In 15 cardiac patients death followed a period of coma. Here also the degree 
of stenosis was distributed in proportion to the total number of cases. Coma 
also appeared toward the end of the disease in 8 patients of the non-cardiac 
group. 

The group of 22 patients whose end came with sudden death will be discussed 
later. 

In the 7 remaining cardiac patients death was precipitated by pulmonary in- 
farction, pneumonia or myocardial infarction. 

Discussion: Since this stud}' is based on autopsied cases the hospital course 
had an inevitable outcome, progressing rapidly or slowly, steadily or episodically 
to death. The symptomatology was chiefly that of heart failure of the congestive 
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or forward type or both combined. One of the features of the hospital course 
was a crisis of sweating, cyanosis, restlessness and confusion, usually with flush- 
ing but sometimes with pallor. Often the onset was abrupt and without an 
obvious precipitating cause; and the recovery was gradual in most cases, rapid 
in a few. The drenching sweat was a prominent feature. Such spells were not 
relieved by any of the therapeutic measures exhibited. They were more severe 
and more frequent in cardiacs with advanced stages of, stenosis. We have inter- 
preted the attack as a manifestation of acute forward failure of the heart, and 
emphasise it as an omen of grave import, since it appeared only rarely in patients 
who recovered and were discharged from the hospital improved. 

Cardiac pain occurred in the hospital in only 9 of the 40 patients who had suf- 
fered it prior to admission. This is in keeping with the observation that pain 
was often related to exertion although pain itself usually was delayed and did 
not interdict activity as it may in ordinary angina pectoris. 

Mental symptoms, convulsions and syncope marked the course in another 
group of patients, and sometimes they were associated with the crises described 
above. ’ The localization of signs was erratic from patient to patient but in an 
individual tended to conform to a given type. This suggests that forward fail- 
ure is the primary cause but the clinical pattern depended upon vascular disease 
of the brain. 


XIII. TREATMENT 

A review of the cases in this series repeatedly gives testimony to the diffi- 
culty of therapy and the poor or atypical response to the measures used in treat- 
ment. Digitalis was used often and the response to it was singularly poor. 
Tachycardia in particular responded poorly to digitalis. P atients who recovered 
from a definite bout of congestive failure usually did so only after full digitaliza- 
tion had been established for considerable periods. There was not the decided 
improvement which often follows qiiickly upon adequate digitalization in the 
presence of congestive heart failure. There was no indication that digitalis had 
any toxic effect — rather it seemed ineffectual in helping the ventricle overcome 
the load imposed by the rigid obstruction at the aortic valve. 

The employment of diuretics, especially those containing mercury , was little 
more successful, although in a few 7 instances definite clinical improvement fol- 
lowed induced diuresis. Oxygen was used frequently and it was sometimes very 
helpful but in the majority of instances there was a discouraging lack of response. 
Restriction of salt, although employed in but a few patients, w 7 as not especially 
satisfactory. If diuresis was established, there was generally a definite improve- 
ment. Bed rest is difficult to evaluate as a separate factor, since all patients 
w 7 ere treated in bed. There was no discernible difference, among patients with 
more than one admission, in the course of those with long rest and those wh o w ere 
ambulatory early. Rest as a prophylactic measure cannot be evaluated, b me 
the data can hardly be considered conclusive, patients who lived within their 
known exercise tolerance fared better than those w r ho did not. There was some 
indication that this was more helpful in preventing congestive failure than m 
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reducing the dumber of syncopal attacks or other indications of forward failure. 
Treatment of syncope, shock and the kypoldnetic syndrome was various in its 
method, constant in its ineffectiveness. Heroic therapy was no better than none 
at all. 'Trial of the usual measures for medical shock was uniformly disappoint- 
ing. Oxygen was not very helpful. 

In summary, the course of the disease was influenced very little by the usual 
forms of cardiac treatment. The mechanical obstruction, which kept a strain on 
the left ventricle, was not available for physical correction. When an added call 
for work fell upon the ventricle already burdened by working at maximal capacity 
to satisfy basal needs, failure resulted. The hypertrophied and sometimes di- 
lated ventricle was helped very little by digitalis and the general state not much 
improved by other agents. Recovery from a bout of failure seemed to depend on 
the capacity to muster some hidden reserve, an innate function inaccessible to the 
ordinary forms of therapy. When it failed, death ensued. 

XIV. CARDIAC PAIN 

In numerous articles on aortic stenosis reference is made to cardiac pain and 
almost always the term angina pectoris is used to describe it (10, 17, 21, 28, 55, 
82). We have studied the various types of pain noted by patients in this series 
and have separated the cases with cardiac pain for comparison with the whole 
group (see Table 15). Cardiac pain occurred in 40 of the 107 cases, an incidence 
of 37%. A description of the pain was available in 32 cases; in the remaining 8 
there was merely mention that pain had been experienced, but no description 
recorded. In 12 cases the pain was substernal in locus, oppressive, constricting, 
gripping or described as a sense of fullness or tightness. There was no radiation. 
A strict relation of effort was not observed but in a number of cases pain occurred 
a little while after some untoward exertion such as running for a car or heavy 
lifting. The pain usually did not check activity but occurred a few minutes to 
an hour after exercise was completed. Non-radiating epigastric pain occurred 
in one, and in 2 epigastric pain spread up to the retrosternal area. In 4 the pain 
was most pronounced in the anterior aspect of the right chest. Pain beginning 
in the right side of the chest radiated to the right shoulder and arm in another 
patient and to the right shoulder alone in still another. The remainder of the 
locations are listed on Table 15. There was but one case of classical angina 
pectoris. 

Age, sex, color, medical history, physical examination, response to treatment 
and course of the disease did not show significant discrepancies between those 
who had pain and those who did not. Therefore our attention was drawn to a 
study of the morphology of the heart. A primary question concerns the possible 
r61e of coronary artery disease and myocardial infarction, another the role of 
different degrees of aortic stenosis in causing pain. 

In Table 15 we have a comparison of the coronary sclerosis in those with cardiac 
pain and the entire group. Though the significance of small numbers of cases is 
not great, there was definitely less coronary sclerosis of advanced grades in those 
with cardiac pain than in the whqfc group. The pathologic data, therefore, pro- 
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vide nothing against the concept that the pain in victims of aortic stenosis is 
basically different from that of true angina. Cardiac ischemia, however, is not 
exonerated by this evidence. The percentage of cases with advanced or 
moderate aortic stenosis was 95 in those with pain and 80 in those with no pain. 
Other relationships are given in Table 16. 

Discussion: We have studied the problem of cardiac pain in aortic stenosis with 
care since many authors have used the term angina pectoris to describe it. While 
the definition of a symptom complex such as angina pectoris is elastic, it has been 
used somewhat uncritically in association with the pain in aortic stenosis. If by 


TABLE 15 
Cardiac •pain 


LOCATION 

TYPE 

RADIATION 

NO. OF CASES 

Not Described 




8 

Substernal 

Oppressive Tightness 

0 

12 

Epigastric 

Oppressive Tightness 

0 

1 

Epigastric 

Oppressive Tightness 

Sternum 

2 

Epigastric 

Oppressive Tightness 

Left Chest 

1 

Precordial 

Oppressive Tightness 

0 

6 

Left Chest 

Oppressive Tightness 

0 

1 

Right Chest 

Oppressive Tightness 

0 

4 

Right Chest 

Oppressive Tightness 

Right Shoulder 

1 

Right Chest 

Oppressive Tightness 

Right Shoulder and Right Arm 

1 

Only between Shoulder Blades 

Stabbing 

0 

1 

Around Umbilicus 

Sharp 

0 

1 

Typical Angina 


Left Anterior Shoulder 

1 


40 




| DECREE OF CORONARY SCLEROSIS 

myocardial infarcts 


Absent or 
Minimal 

Mild ! 

Moderate 

Severe 

old i 

1 

Recent 


12% 

15% 

46% 

15% 

29% 

10% 

7% 


36% 

24% 

25% 

16% 

18% 






DEGREE OF AORTIC STENOSIS 


Severe and Moderate 
Mild 


Those with Cardiac Pain 

Those with No Pain 

95% 

80% 

5% 

20% 


an g ina one means a transitory substernal or precordial pain, constricting in char- 
acter, usually radiating down the ulnar aspect of the left arm, provoked by exer- 
cise, emotion or exposure to cold, then angina pectoris was described by only one 
of our patients. The relation to exercise was usually that of a delayed reaction 
rather than an immediate response, the pain lasted longer and was not charac- 
teristically moderated by nitroglycerin. Study of the hearts in subjects with 
cardiac pain revealed that there was less coronary sclerosis than in the who e 
group. The severity of the aortic stenosis, however, was generally great, 
must be remembered that angina pectoris is uncommon in patients seen in t e 
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clinic or on the wards of this hospital. Cardiac pain in our patients with aortic 
stenosis differed from that described in the angina of coronary arteriosclerosis. 
It is possible that no useful purpose is served by adherence to so strict a definition 
of angina pectoris, though other observers have noted that pain in aortic stenosis 
may not bo typically anginal in character (OS). We have no explanation of radi- 
ation to the right instead of to the left . 

XV. SODDEN DEATn 

The problem of sudden death is confused by a failure of most authors who dis- 
cuss this topic to define what they mean by sudden (12, 25, 35). Included in the 

TABLE 1G 


Correlation of old and recent infarcts with stenosis, coronary arteriosclerosis and cardiac pain 


CASE 

DECREE or 
STENOSIS 

OLD lUMCT 

MEW ISTAJLCT 

CORoNARV 

MTESJO' 

SCLEROSIS 

CARDIAC 

PAIN 

7 


0 

2 areas L.V. 

+ 

■Hi 

10 


septa), mod crate 

0 

+ 


IS 


many small 

0 



10 

+++ 

many small 

0 

+++ 


28 


many small 

0 

*H*+ 

jjjB& ■ 

34 

++ 

0 

mod. septal 



35 

++ 

many small 

many small 

++ 


30 

+++ 

apex 2x3 cm. 

0 

+ 

■■ 

33 


many small t cm. 

0 

++ 


40 

+++ 

0 

many small 

*f+ 


44 

+++ 

many small 

npex 2x2 cm. 

++ 


48 

+ 

0 

apex 2x2 cm. 

+ 


£0 

++• 

0 

small emboli SBE 


0 

53 

++ 

0 

mod. L.V. 


0 

62 

-H*+ 

many small 

0 


-f 

G4 

++ 

many small 

lat. L.V. 3x6 cm. 

+++ 


72 


0 

mod. npex 

+++ 

0 

74 

+++ 

many small 

0 

+++ 

0 

76 


0 

mod. apex 

+ 

+? 

78 

-H- 

many small 

0 

+ 


85 

++ 

0 

ft. vent. mod. 


0 

' 100 

+++ 

L.V. post 2x2 cm. 

0 

+ 

+ 

107 

+ 

large septal 

large lat. L.V. 

+++ 

+ 


* Group II. 


medical literature under the term sudden death are eases which fall into three 
broad categories. These include instant death, the sudden unheralded syncopal 
deaths where there is an abrupt cessation of vital functions. It may commence 
as an ordinary fainting spell but from it there is no recovery’ (5, 39 , 80). It is 
especially frequent among persons suffering from angina pectoris and coronary 
thrombosis. 

A second form of sudden death differs from the first mainly in the duration of 
the agonal scene. From the onset of the terminal stages until death, minutes 
elapse, usually between 5 and 30, during which the patient goes through a series 
of phenomena which indicate that asystole or its physiologic counterpart, ventric- 
ular fibrillation, has occurred. On examination, it one chances to be present at 
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the terminal episode, the heart is silent— only occasional muffled beats are heard 
or no sounds at all. Severe respiratory stress is usually evident, air hunger, vio- 
lent gasps and great efforts to breathe are characteristic. Cyanosis usually 
occurs and deepens rapidly . Profuse sweating may appear. Maniacal thrashing 
about may also be seen, though this is not constant. The level of consciousness 
is sometimes impaired though apparently in many cases the vic tim senses the 
urgency of the catastrophe and may call out for help. In a good many such 
patients there is a grim fear of impending dissolution akin to the angor ammi 0 f 
angina pectoris, though by the nature of events an adequate description of sen- 
sations is rarely obtained. Convulsions sometimes happen, and may be focal 
though more often they are general and tonic. After a period of minutes the 
struggling ceases, gasps become more widely spaced and at length all respiratory 
effort ceases. The heart, quiet to ausculation, may show bizarre arrhythmias if 
electrographic tracings are made; and there is generally indication of electrical ac- 
tivity for some moments after all sounds of cardiac action have ceased. Many 
types of stimuli may precipitate this manner of dying. It is relatively common. 

The third category of sudden death is really a conglomerate assembly of con- 
ditions which have little in common save the fact that death at the particular 
time of its occurrence was not expected. It is really not so much sudden as un- 
anticipated. Included in this group are cases which “went bad” but where 
survival may have lasted up to 24 hours. Actually most of the deaths which 
occur from cerebral accidents, pulmonary infarcts and emboli generally, and 
which are called sudden deaths, fall into this group. Life may persist for hours 
but with the gradual alteration of vital functions life ebbs out slowly after the 
forces of dissolution have set in. Much of the medical literature on sudden death 
deals with this general type of dying. Certainly this is the class of sudden death 
which has tinctured folklore, has given poets and theologians themes for their 
outpourings and which often enough figures in the lay press, ordinarily more 
attuned to battle, murder and accident. 

Insofar as our data give evidence, the sudden death in these hospitalized 
patients suffering from aortic stenosis is a matter of minutes — not the irrevocable 
syncope of those who literally drop dead, nor the slower falling away of those 
whose lethal scene is measured in horns. This type of sudden death was encoun- 
tered 22 times in this series; and for the most part an essentially regular chain of 
events occupied the terminal minutes of life. We have separated these cases 
from the whole group to see whether there was a peculiar clinical or morphological 
basis which might serve as an omen to assist us in prognosis, or as an explanation 
in terms of morphology. This search has been unfruitful on the clinical side but 
the extent of the pathological findings was consistently great. There was no sig- 
nificant difference from the whole series in natural history: age, sex and color did 
not show any trend away from the distribution of the entire group. There were 
16 white males, 4 white females and 2 colored males. The duration of symptoms 
of the disease in those who died suddenly ranged from more than 1 1 years to a few 
weeks and did not differ.markedly from the duration of the group as a whole. 

Since all the patients who died suddenly were in the cardiac group, and all but 
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one had severe or model ate degrees of stenosis, we have compared the findings in 
this sub-group with the entire gioup of cardiac cases m Table 17 The symptoms 
followed the same trend as those in the cardiac group, though patients who died 
suddenly had a higher incidence and greater severity of dyspnea (100 and 93 per- 
cent) and dizziness (45 and 32 peicent), the same incidence of cardiac pain (50 
and 50 peicent) while edema was less common (55 and 73 percent). Nothing in 
the clinical course was of gieat predictive value in warning that a particular 
patient was liable to sudden death. It is of significance that all patients who died 
suddenly were in Group I. They were all recognized as suffering from heart 
failure. Syncope was not a common forerunner of this mode of death, occurring 
in 9 percent of the cases compaied to 17 peicent of the whole group. This is a 
different state of affairs from the instant, physiologic death which may end the 

TABLE 17 


Comparison of Group 1 cases andxichms of sudden death 



&UDDEH DCATO 

GIOUP 1 

Number 

22 

78 

Heart Enlarged 

04% 


Si Apex Clear 

33% 


Muffled 

07% 

,-j 1 

6i Apex Clear 

60% 


Muffled 

50% 


6i Base Muffled 

75% 


Absent 

25% 


Aj > Pi 

25% 

, Yji*- ’ . ;■ B 

Ai - Pi 

25% 


Ai < Pi 

50% 


Murmurs 



Systolic 

73% 

86% 

Apical Diastolic 

18% 

4,'.r . * * 

Basal Systolic 

sc% 


Diastolic 

37% 

37% 

Thrill 

41% 

23% 

Degree o! Stenosis 



Sot ere f 

45% 

47% 

Moderate 

50% 

46% 

Mild 

5% 

7% 


life of victims of angina pectoris or infarction of the heart where a history of syn- 
copal attacks is moie common in those who experience instant death than in those 
who do not (5). This negative history in our patients who died suddenly is sur- 
prising, since syncope is one of the clinical landmarks in patients with aortic 
stenosis, and we had expected to find it very frequent in those who died suddenly. 
This fact may be additional testimony that instant death (the lethal crisis 
measured in seconds) is not the same phenomenon, and has a different mechanism 
from sudden death ivheie the final episode is measured in minutes. The obser- 
vations of Marvin and Sullivan on sudden death in r ambulatory patients with 
aortic stenosis indicate that it may be really instant death, perhaps associated 
with arrhythmias. Their suggestion of a relation to carotid sinus sensitivity is 
not convincing and wo had no indication in our cases that a hyperactive carotid 
sinus was important in either syncope or sudden death. 
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the terminal episode, the heart is silent— only occasional muffled beats are heard 
or no sounds at all. Severe respiratory stress is usually evident, air hunger, vio- 
lent gasps and great efforts to breathe are characteristic. Cyanosis usually 
occurs and deepens rapidly. Profuse sweating may appear. Maniacal thrashing 
about may also be seen, though this is not constant. The level of consciousness 
is sometimes impaired though apparently in many cases the victim senses the 
urgency of the catastrophe and may call out for help. In a good many such 
patients there is a grim fear of impending dissolution akin to the ango'r animi of 
angina pectoris, though by the nature of events an adequate description of sen- 
sations is rarely obtained. Convulsions sometimes happen, and may be focal 
though more often they are general and tonic. After a period of minutes the 
struggling ceases, gasps become more widely spaced and at length all respiratory 
effort ceases. The heart, quiet to ausculation, ma}' show bizarre arrhythmias if 
electrographic tracings are made; and there is generally indication of electrical ac- 
tivity for some moments after all sounds of cardiac action have ceased.' Many 
types of stimuli may precipitate this manner of d}dng. It is relatively common. 

The third category of sudden death is really a conglomerate assembly of con- 
ditions which have little in common save the fact that death at the particular 
time of its occurrence was not expected. It is really not so much sudden as un- 
anticipated. Included in this group are cases which “went bad” but where 
survival may have lasted up to 24 hours. Actually most of the deaths which 
occur from cerebral accidents, pulmonary infarcts and embolr generally, and 
which are called sudden deaths, fall into this group. Life may persist for hours 
but -with the gradual alteration of vital functions life ebbs out slowly after the 
forces of dissolution have set in. Much of the medical literature on sudden death 
deals with this general type of dying. Certainly this is the class of sudden death 
which has tinctured folklore, has given poets and theologians themes for their 
outpourings and which often enough figures in the lay press, ordinarily more 
attuned to battle, murder and accident. 

Insofar as our data give evidence, the sudden death in these hospitalized 
patients suffering from aortic stenosis is a matter of minutes — not the irrevocable 
syncope of those who literally drop dead, nor the slower falling away of those 
whose lethal scene is measured in horns. This type of sudden death was encoun- 
tered 22 times in this series; and for the most part an essentially regular chain of 
events occupied the terminal minutes of life. We have separated these cases 
from the whole group to see whether there was a peculiar clinical or morphological 
basis which might serve as an omen to assist us in prognosis, or as an explanation 
in terms of morphology. This search has been unfruitful on the clinical side but 
the extent of the pathological findings was consistently great. There was no sig- 
nificant difference from the whole series in natural history: age, sex and color did 
not show any trend away from the distribution of the entire group. There were 
16 white males, 4 white females and 2 colored males. The duration of symptoms 
of the disease in those who died suddenly ranged from more than 1 1 years to a few 
weeks and did not differ. markedly from the duration of the group as a whole. 

Since all the patients who died suddenly were in the cardiac group, and all but 
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one had severe or moderate degrees of stenosis, we have compared the findings in 
this sub-group with the entire gi oup of cardiac cases in Table 17. The symptoms 
followed the same trend as those in the cardiac group, though patients who died 
suddenly had a higher incidence and gi eater severity of dyspnea (100 and 93 per- 
cent) and dizziness (45 and 32 percent), the same incidence of cardiac pain (50 
and 50 percent) while edema was less common (55 and 73 percent). Nothing in 
the clinical course was of great predictive value in naming that a particular 
patient was liable to sudden death. It is of significance that all patients who died 
suddenly were in Group I. They weie all recognized as suffering from heart 
failure. Syncope was not a common forerunner of this mode of death, occurring 
in 9 percent of the cases compaied to 17 peicent of the whole group. This is a 
different state of affairs from the instant, physiologic death which may end the 

TABLE 17 


Comparison of Group 1 cases and victims of sudden death 



SUDDEN DEATH 

caocp i 

Number 

22 

78 

Heart Enlarged 

94% 

76% 

Si Apex Clear 

33% 

20% 

Muffled 

67% 

60% 

Sj Apex Clear 

60% 

21% 

Muffled 

60% 

76% 

8i Base Muffled 

75% 

42% 

Absent 

25% 

5S% 

At>Vt 

25% 

34% 

Aj *= Fi 

25% 

20% 

A, < Pi 

50% 1 

46% 

Murmurs 



Runf/il i» 

73% 

80% 


1S% 

30% 


66 % 

85% 

VO* 

37% 

37% 

Thnil 

41% 

23% 

Degree of Stenosis 



Severe 

«% 

47% 

Moderate 

60% 

46% 

Mild 

6% 

7% 


life of victims of angina pectons or infarction of the heart where a history of syn- 
copal attacks is more common in those who experience instant death than in those 
who do not (5). This negative history in our patients who died suddenly is sur- 
prising, since syncope is one of the clinical landmarks in patients with aortic 
stenosis, and we had expected to find it very frequent in those who died suddenly. 
This fact may be additional testimony that instant death (the lethal crisis 
measured in seconds) is not the same phenomenon, and has a different mechanism 
from sudden death where the final episode is measured in minutes. The obser- 
vations of Marvin and Sullivan on sudden death in ambulatory patients with 
aortic stenosis indicate that it may be really instant death, perhaps associated 
with arrhythmias. Their suggestion of a relation to carotid sinus sensitivity is 
not convincing and we had no indication in our cases that a hyperactive carotid 
sinus was important in either syncope or sudden death. 
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Causes of Death: In addition to the striking examples of sudden death, other 
modes of death and causes of death are detailed in Table 18. Group I patients 
all died for reasons directly or closely associated with the aortic stenosis. The 
Group II patients, except for those with bacterial endocarditis and injury follow- 
ing syncope, died of unrelated causes which are listed in order of frequency. In 
the majority the aortic stenosis had been latent symptomatically or produced 
only minor trouble. 


XVI. ACCURACY OF DIAGNOSIS , 

The accuracy of diagnosis of aortic stenosis in our series of cases is a reflection 
of past teachings in demanding classical findings before the diagnosis was con- 


TABLE 18 

Type of death ( Group 1) 

Sudden.... 22 

Coma 15 

Progressive Congestive Failure with No Response to Treatment 17 

Congestive Failure after Initial Response to Treatment 23 

Hemiplegia 1 


78 


Cause of death ( Group II) 


Tlpr.piFF rvp Stenosis 

SEVERE 

MODERATE 

MILD 

TOTAL 



4 

3 

1 

8 


3 

2 

2 

7 


* 

2 

1 

0 

3 


0 

1 

1 

2 


0 

' 1 

1 

2 


0 

0 

2 

2 


1 

0 

0 

1 


0 

1 

0 

1 


0 

0 

1 

1 


0 

0 

1 

1 


0 

0 

1 

1 
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sidered. The consulting staff made the correct diagnosis in 11 of 39 cases seen, 
approximately 28 percent. Seven of these cases had severe and 4 moderate ste- 
nosis. The house staff made a correct diagnosis 26 times, approximately 24 per- 
cent of all cases. Thirteen of these had severe stenosis, 12 moderate, one mild. 
Both aortic and mitral stenosis were thought present by the consulting staff in 
15 percent of cases and by the house staff in 9 percent. A mitral valvular lesion 
only was diagnosed by the consulting staff in 5 percent of cases and by the house 
staff in 14 percent. Luetic aortic valvulitis was thought present by the consult- 
ants in 8. percent of cases and by the house staff in 6 percent. The diagnosis of 
hypertensive or coronary artery disease or both was made by the consulting sta 
in 33 percent of the patients and by the house staff in 31 percent. Recent myo- 
cardial infarction was the diagnosis by the consulting staff in 5 percent while t e 
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house staff thought 6 percent of the cases had acute myocardial infarction but 
such a lesion was not found at autopsy in any case so diagnosed, and it was not 
diagnosed correctly in any of the cases where it was found (56). 

The greatest accuracy of diagnosis was found in Group I patients with severe 
or moderate aortic stenosis. In cardiacs with severe stenosis, the consulting staff 
made a correct diagnosis in 7 of 16 cases seen (43 percent); the house staff in 33 
percent. The consultants were accurate in 25 percent of the cardiac cases who 
had moderate aortic stenosis and the house staff in 27 percent. Ho cardiac case 
with mild aortic stenosis was correctly diagnosed. 

XVII. PATHOLOGIC DATA 

The basis for classifying the extent of stenosis in the three groups of Bevere, 
moderate and mild and for the clinical division into Group I and Group II was 
given on p. 3. The degree of stenosis by sex and color is found in Figure 7. 


so 

30 

20 

10 

AOVANCED MODERATE MILD 
Fia. 7. Decree or Stenosis (AuTorsr) 
Distribution ol degrees oi Btenosis by color and sex. 



Severe stenosis occurred in 44 percent, moderate in 42 percent and mild in 14 per- 
cent. FibrosiB and calcification existed in all aortic valves and the amount of 
calcium was closely related to the extent of stenosis. Sometimes calcification 
extended into the ventricular wall and occupied part of the base of the aortie leaf 
of the mitral valve without impairing its normal mobility. When stenosis was 
severe or moderate the sinuses of Valsalva were extensively calcified in most in- 
stances. In 8 cases there was complete calcification of the aortic ring. 

Fusion of cusps existed in 47 cases (44 percent) and varied from a partial join- 
ing at the base to total fusion of two cusps along the whole of their adjacent 
surface. Fusion, especially when extensive, naturally produced extreme degrees 
of stenosis. It did not occur with mild stenosis. In 2 cases (cardiacs) with 
“ S ( t ^ 1 °4 S 4) the Pal ' tial fusi ° n was judgcd t0 Micate 11 congenitally bicuspid 

Nodule formation occurred in 32 cases (30 percent) in only one of which was 
stenosis mild. The nodules ranged from 1 to 8 mm. in diameter; and were found 
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on aortic and ventricular aspects of the valve*/ 1 " ^ The dejfree of nodularity varied 
from well foimed discrete nodules to less distinct forms blending into plaque-like 
or diffuse calcification. In 7 cases (6 percent) nodules were confined to the line 
of valve closure. 

Atheromatous ulcers of a non-bacterial nature were found on the aortic valves 
in 6 cases. Eight of the cases in Group II had stenosis with active vegetative 
lesions of bacterial endocarditis ; and in another a band of vegetations 2 cm. thick 
completely encircled the aorta just above the insertion of the valves. 

In 5 cases (2 were Group II with mild stenosis) the free edges of the aortic 
valves were rolled extensively but there was no evidence of syphilis. 

Since care was taken to exclude cases with what might be construed as valvular 
lesions impairing the function in valves other than the aortic, description of the 
mitral, tricuspid and pulmonary valves can be perfunctory. In 15 cases (14 per- 
cent) with normal chordae tendineae one or both mitral valves were slightly but 
definitely thickened. Sclerotic plaques appeared at the bases of the mitral 
leaflets in 16 cases (15 percent). In 9 cases a few small fibrous nodules were 
present along the edges of the mitral leaflets. In 3 cases with bacterial endocar- 
ditis minute vegetations were found on the edge of the mitral leaflets. Partial 
calcification of the mitral ring was noted twice. Seven cases had sclerotic plaques 
in the base of the tricuspid valves; one had slight tricuspid valve thickening and 
another a few nodules along its free edge. Sclerotic plaques at the base of the 
pulmonic valves occurred in 4 cases and thickening of normally functioning pul- 
monic valves was found once. 

Figure 8 shows the incidence of the various heart weights. The heaviest hearts 
were those of males. Table 19 shows the incidence of the various heart Weights 
for Group I and Group II cases based on the degree of aortic stenosis. The mean 
heart weights varied directly with the degree of stenosis and the average for each 
class of cardiacs "was greater than that for any class of non-cardiacs. The average 
weight for the cardiac patients with severe aortic, stenosis was 598 grams; for 
moderate stenosis 530 grams; for mild stenosis 518 grams. Average weights for 
the non-cardiac patients with severe stenosis were 495 grams; with moderate 
stenosis 446 grams; and with mild stenosis 351 grams. The heaviest heart, that 
of a patient with bacterial endocarditis, weighed 860 grams. The lightest heart 
weighed 135 grams and was found in a 38 year old white woman v r ho died of car- 
cinoma of the cervix and was found to have mild aortic stenosis. The extreme 
weights occurred in patients who had not had clinical evidence of heart failure. 

Left ventricular measurements varied in the same manner as heart weights 
with one exception; those of non-cardiac patients with severe stenosis slightly 
exceeded cardiac cases with mild stenosis (see -Table 19). No striking differ- 
ences were noted in right ventricular measurements. 

Seventy hearts were thought to show dilatation at autopsy and there was no 
relationship to the degree of stenosis or of hypertrophy of the myocardium. 

Auricular thrombi were found only in cardiac cases with severe or moderate 
aortic stenosis. Six cases had thrombi in the right amide only, one in the left 
and 5 in both. 
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Pericardial milk spots were found in 20 cases,. 15 of these being cardiacs.. A 
Group I case with severe stenosis had fibrinous pericarditis. - One cardiac patient 



WEIGHT IN GRAMS 
Fig. 8. Heart Weight 


Distribution of heart weights by sex. 


TABLE 19 
Heart weights 



with mild stenosis had moderate adhesive pericarditis. Pericardial fluid varying 
from 50 to 250 cc. was found 17 times, only in those classified as cardiacs. 
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It has been said ( 28 ) that sclerosis of the aorta and coronary vessels is likely to 
occur in inverse proportion to the degree of stenosis of the aortic valve and that 
acute coronary occlusion with myocardial infarction is uncommon in aortic ste- 
nosis. The pathologic findings in the hearts of our 107 cases do not bear out this 
opinion (see Tables 20 & 21). Thirty-one cases had severe coronary sclerosis, 23 
had moderate coronary sclerosis and 46 had definite but mild sclerosis. No evi- 

TABLE 20 


Old and recent infarcts with degree of stenosis and coronary atherosclerosis 



GROUP I 

GROUP U 

TOTAL 

Degree of Stenosis 
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Moder- 
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Mild 

Severe 
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■■ 
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14 

i 

2 

1 

2 
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9 

i 
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14 

2 
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2 

0 

0 
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8 

S 

2 

0 
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1 14 
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8 

2 

0 
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13 
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mm 
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0 

1 


14 
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2 

6 

2 

4 

37 
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3 

4 
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TABLE 21 

Degree of arteriosclerosis of aorta 



GROUP X 
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dence of coronary sclerosis was found in 2 cardiac patients who had severe aortic 
stenosis; in one non-cardiac patient who had moderate aortic stenosis, and in 2 
non-cardiac cases who had mild aortic stenosis. Extreme coronary ostia 
narrowing caused by distortion from the aortic lesion was seen in 13. in t e 
cardiac group 10 had severe aortic stenosis, 2 moderate and 1 mild. 

Scars of old myocardial infarctions were present in 14 cases (13 percent of total; 
and 13 of these were cardiac patients. Of these 13 cardiac cases (17 percent o 
all cardiacs) 6 had severe stenosis, 5 moderate and 2 mild (see Table 20). I he 
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one non-cardiac case with old myocardial infarction bad mild aortic stenosis. Of 
these 14 cases, 10 had anterior left ventricular scars. The size of the old myo- 
cardial infarcts varied but was not related strictly to the degree of aortic stenosis 
or of coronary atherosclerosis. Of the 6 cardiac patients with severe aortic 
stenosis, 4 had “several small” healed infarcts (up to 1 cm. in diameter). Of 
these 4, two had severe coronary atheroma and 2 moderate. The other 2 cases 
had the largest old infarcts (2 x 3 cm; 2 x 2 cm.) and each had only mild coronary 
atherosclerosis. Of the 5 cardiac patients with moderate aortic stenosis who had 
old myocardial infarcts, 4 had several small lesions with coronary sclerosis severe 
in two, moderate in one and mild in the last. The remaining case had an old 
septal infarct with only mild coronary sclerosis. Of the two cardiac cases with 
mild aortic stenosis who had old myocardial infarcts, one had many small lesions 
with moderate coronary atherosclerosis; the other exhibited a large septal scar 
and revealed severe coronary sclerosis. The remaining non-cardiac case with 
mild aortic stenosis had many small healed infarcts in addition to moderate coro- 
nary atherosclerosis. Recent myocardial infarction was found in 13 cases (12 
percent of total) and all except one of these were cardiac cases (15 percent of the 
cardiac cases). Two had severe stenosis, 9 moderate and 2 mild. There was 
anterior left ventricular involvement in 9 of these 12 cases. A mural thrombus 
was present in 4. 

The size of the recent myocardial infarcts varied and, just as with the old ones, 
did not show a direct relationship to the degree of aortic stenosis or of coronary 
sclerosis. Of 2 cardiac patients with severe aortic stenosis, one had many small 
recent myocardial infarcts; the other a recent one at the apex measuring 2x2 cm. 
Both had moderate coronary atherosclerosis. Nine cardiac patients with moder- 
ate aortic stenosis showed recent myocardial infarcts. In six of these the lesions 
were of moderate size: 2 apical, 2 of the lateral wall left ventricle, 1 of the right 
ventricle and 1 of the septal wall. Of these six cases, 3 had severe coronary 
atherosclerosis and 3 mild. Of the 3 others one had many small recent infarcts 
■with moderate sclerosis of coronary vessels; another a large (3x5 cm.) fresh lesion 
of the left ventricle with severe coronary sclerosis ; the last was a non-cardiac case 
showing many small infarcts duo to emboli from an aortic valvular subacute bac- 
terial endocarditis. Two cardiac cases with mild aortic stenosis exhibited recent 
myocardial infarcts. In one the moderate sized lesion at the apex was associated 
with mild coronary atherosclerosis; in the other a large left ventricular lesion was 
found with severe coronary atheroma. Recent myocardial infarction was not 
found in any Group II case except as noted. 

Advanced diffuse fibrosis of the ventricles was present in 14 cases; 7 with severe 
stenosis and 7 with moderate. Moderate diffuse fibrosis was present in 37 cases: 
14 with severe stenosis, 17 moderate and G mild. Mild diffuse fibrosis was 
present in 34 cases and 15 of these had severe stenosis, 13 moderate and G mild. 
No ventricular fibrosis was recorded in 20 cases: 10 with severe stenosis, 7 with 
moderate and 3 with mild. ’ 

No case showed severe sclerosis of the ascending aorta, but moderate athero- 
sclerosis was present in 10 cases; 3 of these had severe aortic stenosis, G moderate 
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and 1 mild. Mild atherosclerosis' was present in 38 cases. The degree of 
atheromatous change in the ascending aorta was in marked contrast to the find- 
ings in the descending aorta where the abdominal portion was most seriously 
diseased. In the thoracic portion of the descending aorta, severe atherosclerosis 
was seen in 24 cases; 8 of these had severe aortic stenosis, 15 moderate and 1 mild. 
In 14 of these 24 cases ulceration was seen with thrombus formation in 2 cases. 
Moderate atherosclerosis was present in 37 cases and 16 of these had severe aortic 
stenosis, 13 moderate and 8 mild. Mild atherosclerosis was present in 33 cases; 
15 had severe stenosis, 14 moderate and 4 mild. Severe atherosclerosis of the 
abdominal aorta was present in 43 cases. Ulceration was apparent in 36 of these 
with thrombus formation in 11. Of these 43 cases, 15 had severe aortic stenosis, 
22 had moderate and 6 mild. Moderate atherosclerosis was present in 31 cases of 
which 12 had severe aortic stenosis, 13 moderate and 6 mild. Mild atherosclero- 
sis was found in 27 cases and 17 of these had severe aortic stenosis, 8 moderate 
and 2 mild. The degree of aortic stenosis had no direct relationship to the degree 
of atheromatous change in the descending aorta (see Table 21). 

Accumulation of fluid in body cavities as the result of congestive failure was 
found in many cases at autopsy; mainly in cardiac patients with severe or moder- 
ate aortic stenosis. Bilateral hydrothorax was present in 47 cases. The amount 
varied from 150 cc. to 4000 cc. on each side. In 28 cases the amount present was 
greater on the right than left; greater on the left than right in 7; equal on both 
sides in 12 cases. Of these 47 cases the clinical diagnosis was correct in 13 cases. 
Of those who had x-rays of the chest, fluid was found in 12 of 33 cases. 

Right hydrothorax only was present at autopsy in 9 cases and 5 of these were 
diagnosed clinically. By x-ray examination the diagnosis was made in 3 cases. 
In 2 cases the left pleural cavity was obliterated. In 1 case 2300 cc. of fluid were 
present in the right pleural cavity and the left cavity appeared normal. Hydro- 
thorax of the left side only was present in 5 cases. The amount of fluid varied 
from 100 to 1200 cc. In all of these cases the pleural cavity on the right was 
obliterated by adhesions. 

Seven cases had hydrothorax and ascites; 6 cases had hydrotliorax and peri- 
cardial effusion; 11 cases had hydrothorax, ascites and pericardial effusion. As- 
cites was present in 18 cases and a correct clinical diagnosis was made in 10. In 
3 cases ascites was thought present clinically but at autopsy none was present. 

Pericardial effusion varying from 30 to 250 cc. occurred in 16 cases. The clini- 
cal diagnosis was correct in 1 case (250 cc.). 

Pulmonary infarction was found at autopsy in 11 cases. Seven of these had 
moderate aortic stenosis and 4 severe aortic stenosis. Of these 11 cases, 10 were 
found in cardiac cases and one in a non-cardiac (subacute bacterial endocarditis). 
Five of these patients had auricular thrombi; bilateral in 4 and right sided in the 
other. One case had bilateral mural thrombi at the apex of each ventricle (recent 
myocardial infarction). Five cases did not have mural thrombi. The infarcts 
were multiple and bilateral in 8 cases ; in the left lower lobe in 2 cases ; the last case 
revealed complete occlusion of the right pulmonary artery by a large embolus 
broken off from a vessel in the leg. 
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Forty-one cases had chronic passive congestion of the kidneys. Arterionephro- 
sclerosis occurred in 7 and pyelonephritis in 0. Multiple renal infarcts were 
found in 5 and focal embolic glomerulonephritis in 5. Severe toxic nephrosis was 
found twice and renal lithiasis and multiple tumor metastases once each. 

A wide range of abnormal findings not related to the cardiovascular system 
was found at autopsy, mainly in the non-cardiac group of cases. Nine cases had 
some type of carcinoma, 13 cases had cholelithiasis, 1 case had acute necrotizing 
hepatitis, 3 cases had cirrhosis of the liver. Two cases were found with adrenal 
cortical adenomata and 2 others disclosed non-toxic adenomata of the thyroid. 
The cause of death in 3 cases was a bleeding duodenal ulcer. Two patients had 
fractured hips. One patient had a thrombophlebitis of the left common iliac 
vein. 

Several kinds of intracranial lesions were found at autopsy. One case had an 
aneurysm of a cerebral artery; another was found to have an 8th nerve tumor. 
One patient died because of a purulent meningitis. ' One patient had a skull frac- 
ture and subdural hematoma as a result of an automobile accident. Two other 
cases died because of undiagnosed subdural hematomata. It is of interest that 
both, of these cases, as well as the two cases with fractured hips, had vertigo as 
one of the symptoms of aortic stenosis, and their accidents were thus attributable 
to the valvular disease. 

Discussion: There was a close relationship between average heart weight and 
degree of stenosis; and this prevailed in those who had congestive failure and 
those who did not. The cardiacs all had heavier average heart weights than did 
those with advanced stenosis who had not had congestive failure. The thickness 
of the left ventricle followed much the same trend. Contrary to previous reports 
coronary arteriosclerosis was prevalent though its extent had no striking asso- 
ciation with that of the aortic stenosis. It was sufficiently extensive to have 
produced myocardial fibrosis or coronary thrombosis in some cases. 

The findings at autopsy were influenced by the selection which weeded out all 
cases where complicating disease of mitral or other valve might have produced a 
physiologic disturbance, though there were mild lesions in the mitral valve in a 
number of cases. Calcification, gross or microscopic, existed in every stenotic 
aortic valve. When the obstruction was advanced the sinuses of Valsalva were 
involved, and in a few instances there was complete calcification of the aortic 
ring. Nodules were found in association with extreme degrees of stenosis, and 
fusion of the cusps occurred in nearly half of the cases. In 2 cases the fusion was 
thought to be congenital, giving rise to a bicuspid valve. The superimposed 
lesions of bacterial endocarditis occurred in 8 cases and a thick band of bacterial 
vegetations surrounded the aorta just above the valve in another case. In 6 
instances there were atheromatous ulcers of a non-bacterial type 

XVHI. COMMENT 

Analysis of our data on 107 cases of pure aortic stenosis has verified many of 
the general teachings regarding it, contravened others and cast light on some still 
controversial aspects of the disease. It leaves many questions without final 
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answer. Since our figures are larger than groups reported heretofore, and since 
the selection of cases eliminated complicating valvular lesions the observations 
deserve emphasis. In a careful search of much of the modern medical writing on 
the subject we did not uncover any series of cases, chosen to exclude other valve 
disease, which was of comparable size, or based on autopsied eases only. Indeed 
several of the widely quoted studies deal with clinical cases only, or with series of 
clinical and postmortem cases, combined. Frequently the criteria for diagnosis 
reduce the usefulness of the clinical data by defining the disease in terms of diag- 
nostic requirements and then saying that aortic stenosis is characterized by the 
signs found in patients selected on this basis. Medical and cardiac textbooks 
have been confirmed offenders and by repeating the dicta of some predecessor, 
permit the picture of disease to become fossilized in simple but inadequate term s 
which become established by reiteration. A fresh approach based on proved 
cases facilitates the reappraisal of the problem in more than just descriptive 
terms. For these reasons we have presented our findin gs in detail and have not 
included a review of the medical literature. 

In terms of the diagnostic triad of basal systolic murmur transmitted upward, 
thrill and small slowly rising pulse our cases departed notably from the textbook. 
Only slightly more than a fifth satisfied even the first and second criteria. It 
should be stressed that in the presence of overwhelming failure or shock the mur- 
murs are often absent, even where they have been noted previously and when 
they appear later upon improvement. 

XIX. SUMMARY AND CONCLUSIONS 

1 . A series of 107 proved cases of aortic stenosis, uncomplicated by deforming 
lesions of other valves, has been studied from the clinical and morphological 
aspects. 

2. Aortic stenosis found at autopsy is preponderantly a disease of the late years 
of life although some cases occur in the early decades. Roughly three-fourths of 
the cases were males. Color, anthropologic type and occupation played no sig- 
nificant r6le in the disease. 

3. A history of acute rheumatic fever was obtained in two-thirds of the cases 
with relevant data. 

4. Cases were divided into “cardiac” (Group I) and “non-cardiac’ (Group II) 
on the basis of history and status on hospital admission. Of the 78 cardiacs, 34 
had chronic congestive failure, 10 had intermittent bouts of failure and 19 had an 
abrupt onset of failure shortly before they were admitted. Severe nosebleeds 
precipitated failure in 3 cases. Five patients with congestive failure had chief 
complaints of mental disorders, 4 had severe dizziness, 4 repeated syncope and 
cardiac pain was responsible for the admission of 3. In many cardiacs congestive 
failure commenced or became worse following strenuous exercise. 

5. Three grades of severity of the anatomical lesions were established. There 
was a higher average admission rate for those with mild lesions (1.87) than those 
with moderate (1.36) or severe lesions (1.34), many of whom had only the one 
admission which terminated in death,' 
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G. Group I patients had an increased frequency of admission in the fall months 
of September, October and November but no such trend occurred in Group II. 

7. Group II patients rvere admitted for infection (endocarditis) and various 
diseases of old age. Injury following syncope was a minor though significant 
cause of admission. 

8. Pulse rate was accelerated, but not to extreme degrees, averaging 96 for 
cardiacs, 86 for the others. Respirations were increased. Blood pressure was 
not characteristic— there were a number with systolic hypertension, others with 
low diastolic pressures but relatively few with the low systolic, low pulse pressure 
described as typical of aortic stenosis. 

9. Enlargement of the heart was detected clinically in 78 percent of the cardiacs 
and 52 percent of the others. Muffling of the apical sounds was common. At 
the base the second sound over the aortic valve was usually absent or much re- 
duced in intensity. Occassionally it was loud and must have been transmitted 
from the pulmonic valve. Comparison of second sounds in the right and left 
second interspaces was not always helpful since loss of A. or increase of P 2 were 
not regular in occurrence. 

10. A systolic murmur was heard at the base in only 83 percent of the cases, 
with transmission into the neck vessels in slightly less than half. Basal diastolic 
murmurs were heard in a third of the eases. Apical systolic murmurs were heard 
in 82 percent of the cases and an apical diastolic murmur was noted in slightly less 
than a third. Thrills were felt in 33 cases. The systolic murmurs and thrills 
were related in intensity to the degree of stenosis but they were absent in several 
cases with severe valvular obstruction. 

11. Manifestations of congestive heart failure were commonplace but were nol 
of a peculiar variety except for an unusual frequency of sweating. 

12. Fluoroscopic demonstration of calcified aortic valves verified the diagnosis 
5 times. With routine study a much laiger number would have been found. 

13. Laboratory studies of blood and urine were not helpful in malting a di- 
agnosis. 

14. Nothing pathognomonic was found in the electrocardiograms. Auricular 
fibrillation occurred in 19 percent of the cases, a higher incidence than reported 
elsewhere. Left axis deviation, conduction defects and signs of myocardial dis- 
ease were frequent. 

15. The hospital course was characterized by signs of congestive failure un- 
usually refractory to treatment with digitalis, oxygen or diuretics. Episodes of 
sweating, cyanosis, restlessness and confusion occuncd in 28 patients. They 
came and went uninfluenced by special tlieiapy. Signs and symptoms referable 
to the brain were conspicuous in 13 patients. 

16. Treatment was unsatisfactory. Digitalis and oxygen gave poorer response 
than is usually seen in other forms of congestive failure. Diuretics were only 
slightly more helpful. 

17. Cardiac pain occurred in 37 percent of the patients before hospitalization 
and in 8 percent while under observation. It differed from typical angina 
pectoris in its lack of radiation or its radiation to the right, its advent after rather 
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THE PATHOGENESIS OF SPLENOMEGALY IN HYPERTENSION OF 
THE PORTAL CIRCULATION; “CONGESTIVE SPLENOMEGALY” 

ELI MOSCHCOWITZ, A.B., M.D. 

From the Laboratories, Department of Pathology, The ill. Sinai Hospital, New York City 

This study represents an extension of previous studies (1, 2, 3) on the sclerosis 
occurring in various organs subject to increased intraarterial or intravenous 
pressure. 1 

THE HISTOLOGICAL ANATOMY OP THE NORMAL SPLEEN 

Only the data pertinent to this thesis will be given. The red pulp is occupied 
by sinuses, between which is a labyrinthine structure consisting of narrow cords, 
the Billroth cords, the lacunae of which measure 6 to 16 p. in diameter, and 
contain the free cellular elements of the blood. These lacunae constitute the 
main blood depot of the organ. The red pulp merges into the white pulp and the 
fibrillar reticulum of both are continuous. The Billroth cords are composed of a 
cytoplasmic and fibrillar reticulum. The cells are of the lymphoid type, larger 
monocytes having a pale round nucleus, with a cell body that varies in shape, 
which may be winged or sail-like or elongated. These have been termed "spleno- 
cytes”, but they are not specific for the spleen. The cells of the pulp cords have 
received various genetic interpretations and nomenclatures, but no matter what 
terms are used it is necessary to stress, according to Klemperer (4) that this 
cytoplasmic structure may differentiate under morbid conditions along four 
different lines: 1) hematic, as evidenced in extramedullary blood formation; 2) 
phagocytic, either of free blood cells or pigment; 3) fibroblastic, with formation 
of newly formed fibrillar reticulum, histiocytes and collagen; 4) endothelial pro- 
liferation with formation of new sinuses. These potentialities are manifested in 
“congestive splenomegaly." The cytoplasmic pulp is viewed as a part of the 
reticulo-endothelial system. The cells of the pulp cords lie within the meshes of 
this fibrillar reticulum, and according to Mackenzie, Whipple and Wintersteiner 
(5) who viewed theso fibrils in the living state by transillumination, the fibrillar 
reticulum supports the columns of pulp cells rather than envelops the intercellular 
channels. This fibrillar network of the red pulp is also continuous with that of 
the Malpighian bodies. 

The relationship between reticulum and collagen has been much debated, but 
the view is now generally held that reticulum is a precollagenous substance 
(G, 7, 8, 9). Under any circumstance, the fibrillar reticulum under certain con- 
ditions, especially in congestive splenomegaly, may be transformed into collagen 
and the individual fibres may become hypertrophic and hyperplastic. 

1 1 am deeply indebted to Dr. Rosen ol Montcfiorc Hospital for ono case, and to Dr. 
Jacob Furth of New lork Hospital for three; the remainder came from the pathological 
laboratory of the Mi. Sinai Hospital. 
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THE VASCULAK SUPPLY OP THE SPLEEN 

The splenic artery penetrates the capsule at the hilum and passes into the 
trabeculae with which it branches, the branches becoming progressively smaller. 
When they have attained a diameter of 0.2 mm. they leave the trabeculae and 
become sheathed by a cylindrical layer of lymphatic tissue. When the arteries 
reach a calibre of 40 to 60 /z. they leave the lymphatic tissue and enter the red 
pulp. Here they branch into small straight vessels, called the penicillary 
branches. These penicillary arteries have three successive parts: 1) the artery 
of the pulp, 2) the Schweigger-Seidel sheathed portion, and 3) the terminal capil- 
laries of the pulp. The latter consist of endothelium supported by a few longi- 
tudinal fibres and elongated spindle shaped cells. These capillaries are sur- 
rounded by a network of reticulum continuous with that of the pulp. It is in the 
manner of termination of these pulp capillaries into the venous system that con- 
troversy has centered as to whether the spleen has an open or closed circulation. 
We need not enter at length into this controversy except to say that the weight 
of modem evidence is overwhelming in favor of an open circulation (10, 11, 12, 

' 13, 14, 15, 16). The venous sinuses are from 12 to 40^. in diameter. Unlike the 
veins they are not lined by a flat vascular endothelium but by narrow cells parallel 
to the long axis of the vessel, with prominent nuclei that bulge into the lumen. 
The wall of the sinus represents only a flattened out cytoplasmic reticulum con- 
taining stomata. It is through these stomata that free blood cells lying within 
the meshes of the pulp cords of Billroth flow into the veins. The sinuses unite 
to form the pulp veins which enter the trabecular veins. These unite close to the 
hilus to form the splenic vein. To return to the terminal capillaries of the pulp, 
it has been amply demonstrated (16, 5, 12, 17) that these capillaries end in a 
funnel shaped dilatation, the ampulla of Thoma, which is also perforated like the 
splenic sinuses. This funnel enters directly into the meshes of the pulp re- 
ticulum. The interstices of the pulp therefore provide the only system of com- , 
munication between the artery and the vein.' These evidences of an open circu- 
lation derived from the observation and interpretation of histologic preparations 
have been convincingly confirmed in the living animal with the aid of quartz rod 
illumination technique by Mackenzie, Whipple and Wintersteiner (5). These 
observers also made a significant observation. They noted that the circulation 
in the pulp cords was greatly modified according to whether the organ was in a 
relaxed or in a contracted state. When it was contracted, as for instance after a 
hemorrhage, the pulp spaces collapsed so that the blood in these spaces short 
circuited almost directly from the arterial capillaries into the venous sinuses and 
the circulation appeared closed. This observation probably accounts for some 
of the erroneous interpretations in the past, and its significance in the interpre- 
tation of certain aspects of the finer morphology of congestive splenomegaly will 
be discussed later. According to Mackenzie and his coworkers, the pulp spaces 
in the relaxed spleen measure 6 n. in width but the diameter of dilated ones is 16 
ft. This potential dilatation together with that of the sinuses affords a measure 
of the distensibility of the normal organ, and accords with the observations of 
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McMicliael (18) who found that the spleen could not be distended to more than 
three times its noimal size 

THE CAUSES OP HYPERTENSION OF THE PORTAL CIRCULATION 
Hypertension of the poital emulation has many backgrounds in moibid 
anatomy and helps to mtegiate many physiological and morphological conse- 
quences that have lntheito been laigely unclanfied Up to within a few years, 
hypertension of the poital circulation remained a concept, due to the woik of 
Whipple and Ins cowoikeis (19) hypertension of the portal circulation is now a 
demonstiable fact 

A Cirrhosis of the luei The frequency of a much distended collateral cn di- 
lation invoh ing the esophageal \ eins is adequate cy idencc that a hypertension of 
the portal cn dilation occuis in hepatic cmhosis, at least in advanced forms of the 
malady The portal \enous piessuie was deteimined'by Thompson (20) by 
simultaneous measuicments in the splenic and untebinchial veins The pressuie 
in the splenic vein m cmhosis \mied between 225 and 470 mm of normal saline 
solution while the piessuie within the antebrachial veins was within the noimal 
limits Accoidmg to Beilis (21) the normal portal pressure m man varies be- 
tween 14 to 22 mm of noimal saline solution 

The deteimination of the piesence oi absence of poital cirihosis by gioss in- 
spection of the oigan is not always leliablc, as McMicliael (18) and Connoi (22) 
have emphasized Only a biopsy is conclusive 

Thompson (20) claims that bihaiy cmhosis does not produce hypertension of 
the poital circulation As will Iatei bo shown, changes identical to those found 
in poital curliosis were found in the spleen in nine cases In one case of cirrhosis 
associated with liemochiomatosts the same changes weie noted, in two of hepar 
lobatum and m fixe of toxic cmhosis Of Lairabee’s (23) 47 cases of congestne 
splenomegaly, five occuired in hepai lobatum 

In one case of schistosomiasis we found an extensive hepatic cirrhosis and 
changes in the spleen identical with those of poital cirrhosis Thompson (20) 
behexes that this paiasite lends itself paiticulaily to the production of poital 
hypertension Such spleens are usually very' large, weights of over 1000 gms 
aie not unusual In oui case it weighed 2250 gms In six cases Thompson 
found invaiiably high pi assures in the splenic vein in schistosomiasis, m one 
instance, it attained a height of ovei 500 mm saline solution It is evident that 
cmhosis of any type oi origin is capable of pioducmg hypertension of the poital 
cuculation 

B Chronic thrombosis of the portal or splcn c icms This is the commonest 
extiahepatic came of hypertension of the portal cuculation The clinical ex- 
piession of the disease is dominated by hemonhage into the gastro intestinal 
tiact fiom ruptuie of the collateial esophageal xems The spleens are as a lule 
laigei, foi the reason, we believe, that the portal hypertension is sustained ovei a 
moie piolonged peuod than m hepatic curliosis The clinical histones of such 
patients span, as a role, a greater numbei of yeais Tortal cirrhosis kills eaiher, 
because of potential hepatic insufficiency , which does not occur m prolonged 
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thrombosis of the portal or splenic veins. However, thromboses of the portal 
veins are by no means uncommon in portal cirrhosis. Under these circum- 
stances, both the size of the spleen and the histological findings are intensified. 

A primary phlebosclerosis, especially of the portal vein, has been frequently 
invoked as the cause of a thrombus, but the evidence is decidedly against such 
a contention, since a primary sclerosis of a vein probably never occurs. Available 
evidence shows (24), that a phlebosclerosis is always secondary to a prolonged 
venous hypertension. Fully organized portal and splenic vein thrombosis prob- 
ably accounts for the majority of the cases of “13 anti’s syndrome” when at opera- 
tion the liver is found smooth. According to Thompson (20), and we confirm 
his statement, these lesions never result in portal cirrhosis, thus nullifying the 
existence of Banti’s “second stage.” Rousselot (25) demonstrated a hyper- 
tension of the portal circuit in all cases of chronic splenic vein thrombosis. 

The description of the evolution of the splenic changes from the acute and 
subacute thromboses represents, we believe, an important aspect of this study. 

C. Cavernous transformation of the portal or splenic vein. This lesion should, 
strictly speaking, be included in the foregoing classification, since Klemperer (26) 
has brought conclusive evidence that it represents a terminal phase of canaliza- 
tion of a thrombus combined with the opening of new collateral channels within 
the lesser omentum. We shall describe the spleens in four cases of this lesion in 
the portal vein and three in the splenic vein. In the latter the lesion may be 
limited to this vein or represent an extension from the portal. 

D. Stenosis of the portal or splenic vein. Of Larrabee’s (23) 47 cases of con- 
gestive splenomegaly three were due to adhesions about the portal area following 
operation for appendicitis. We shall report four cases. In three, the vein was 
compressed by malignant neoplasms, in the fourth the cause was a distinct ridge 
at the junction of the splenic and the superior mesenteric veins. Whether this 
was congenital or not could not be decided; the splenic vein was greatly dilated. 
Billman and Pohl (27) have recently reviewed the subject of congenital stenosis 
of the portal vein. 

E. Thrombosis or endophlebitis of the hepatic veins. On mechanical grounds 
one would surmise that obstruction of the flow of blood from the hepatic veins 
into the vena cava would give rise to a portal hypertension. Clinically this sur- 
mise is confirmed by the reports of an anastomotic circulation (28) and the fre- 
quent association of splenomegaly. Brandes (29) showed experimentally that 
mechanical constriction of the hepatic veins raised the portal pressure to twice 
its original level. 

F. The Cruveilhicr-Baumgarten syndrome. The hypertension of the portal 
circulation is consequent to the post-natal persistence of the umbilical vein. 
This malady is associated with a hypoplasia of the liver, a very large spleen and 
a collateral circulation. For a comprehensive and critical study of the malady, 
the reader is referred to the excellent paper of Armstrong and his associates (30). 
W r e have had no opportunity to study such a ease. 

G. Hypertension of the portal circulation of cardiac origin. It will be more 
appropriate to discuss this heading in a subsequent portion of this presentation. 
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THE MORPHOLOGICAL CHANGES IN THE SPLEEN IN HYPERTENSION OF 
THE PORTAL CIRCULATION 

Descriptions of tlie morphological changes in morbid spleens lose much of their 
value because the morphology has been viewed statically and not biologically. 
80 cases have been studied and no case has been included in which the cause of 
the portal hypertension was not found. Most of the spleens were removed at 
autopsy; only very few were removed at operation. 

Furthermore, the finer morphology of the liver has been studied in every case 
to note the relation of changes in this organ to those in the spleen. 1Ve have used 
the hematoxylon-eosin, the van Gieson, the Biolschowsky silver, and the Azan 
modification of Mallory’s anilin blue fuclisin stains. Finally, the history of each 
case was studied to note the duration of the malady and whether certain clinical 
events, such as hemorrhage, infection, or an associated cardiac complication 
might modify the morphological picture. 

a. Portal cirrhosis. 20 cases. Three were associated with primary carcinoma, 
two of the solitary type and one multicentric. The normal weight of the spleen, 
as of all parenchymatous organs varies within fairly wide limits depending upon 
the amount of blood that oozes out of the organ. Even the spleen associated 
with hepatic cirrhosis shrinks although it is firmer than the normal spleen. 
Spleens removed at operation weigh more than those removed at post mortem 
because the pedicle has been tied. Moreover, the size and weight of the spleen 
depend upon whether the patient 1ms suffered from a recent hemorrhage or an 
associated infection, a vafvm'ar iesfon or shock. Hence, the weight of the spieen 
removed at autopsy is by no means always a measure of the organ during life. 
According to Krumbhnar and Lippincott (31) the average weight of the normal 
spleen in adults is about 150 gms. This weight has been accepted as the 
standard. 

The smallest spleen in this series weighed 230 gms., the largest 850 gms. The 
average was 458 gms. There was no correlation between the weight of the spleen 
and that of the liver, but there was a broad correlation between the weight of 
the spleen and the amount of fibrosis within the liver. By and large, the largest 
spleens occurred in cases where the amount of hepatic fibrosis overbalanced the 
epithelial content. However, there were exceptions. 

The splenic capsule was thickened in 10 of the 18 cases. As a rule, this occurred 
in the largest spleens. The greatest capsular thickenings occurred in spleens in 
which subeapsular old pigmented hemorrhages or calcium incrusted hemorrhages 
were present. 

Gross phclcbosclerosis of the portal or splenic vein was found in two eases. 
The incidence would probably be higher had microscopic sections been made 
routinely. In the smaller veins of the trabeculae it was found in three, all in 
instances in which the main portal vein was studied and found free of sclerotic 
changes. It is also probable that the incidence of trabecular phlebosclerosis 
would have been higher had more sections of the spleen been made. In many 
of my cases only a single microscopic slide of the organ was available. Li (32) 
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found that in hepatic cirrhosis the incidence of portal or splenic vein phlebo- 
sclerosis was 77 per cent. 

Widening of the Billroth’s cords was the most consistent finding for it was 
absent in only one. In this case the spleen was comparatively small (350 gms.) 
and the sinuses were so compressed as to be barely visible. This spleen was 
imbedded in a mass of thick dense adhesions. 

The Billroth cords were a mixture of early fibroblasts and fibrillar connective 
tissue in various proportions. A dominantly fibroblastic spleen was found in 
only one, and a complete terminal fibrous change was found in only one. This 
is in contrast, as we shall see, to prolonged portal or splenic vein obstruction in 
which a transformation to fibrillar connective tissue is predominant. The cells 
lining the sinuses have large conspicuous nuclei that bulge into the lumen; when 
the sinus is dilated the lining cells appear more flattened, like vascular endo- 
thelium. As a rule, sinuses are more readily visible in the subcapsular areas 
and adjacent to the trabeculae. 

The erythrocyte content of the cords varied according to three main factors: 
1) The maturity of the fibrosis; the more advanced fibrotic cords showed fewer. 
In completely fibrosed cords the amount was minimal so that the circulation was 
less open than normal. In the intermediary phases the red blood cells sometimes 
lie in narrow straight channels as though the cords had been capillarized. 2) An 
associated cardiac lesion. In four instances, the cords appeared more congested 
than one would expect from the degree of fibrosis. This interpretation was 
corroborated by an associated congestion in the marginal zone of the Malpigh- 
ian follicles and dilatation of the sinusoids, conventional findings in congested 
spleens of central origin. 3) Collapse due to hemorrhage. In such instances 
the spleen contracts and the blood is squeezed out of the pulp spaces into the 
circulation, thus serving as an emergency measure (33). This is most con- 
spicuous in the deeper areas where the trabeculae are smaller than in the sub- 
capsular areas. 

Increase in the trabeculae was noted in almost every case. This was associated 
in all by “t'rabekelaufsplitterung”, a term devised by Durr (34). By this he 
refers to the lack of the normally sharply defined borders of the trabeculae, so that 
the trabecular connective tissue merges into the surrounding pulp. This “auf- 
splitterung” varies in intensity and is generally proportionate to the maturity of 
the sclerosing process. It affects the smaller trabeculae earlier than the larger. 

Simultaneously the fibrillar reticulum shows progressive thickening and hyper- 
plasia. Hueck (15) uses the term “sclerosis” and Gauckler (35) the term “scle- 
rose hypertrophic pulpaire” for this process. The fibrillar reticulum is the result 
of the fibroblastic potentialities of the cellular reticulum, and partakes in the 
increased formation of collagen. Macrophages showing siderophagocytosis and 
erythrophagoeytosis were sufficiently numerous to be noted in nearty all. Ihey 
were found both within and without the sinuses. Their presence or absence 
appeals to have no essential significance. Plasma cells in small quantities were 
noted in three cases. Extramedullaiy blood formation was noted in only one 
case. 
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The increase m cellulai and fibullar lcticulum tendered the sinuses cleaily 
visible The more the leticulum veered to the fibioblastic range, the more 
sharply defined the sinuses appeared to be, so that, ulien the fibiosis was nearly 
complete, the section assumed an angiomatous appeal ance Sinus hyperplasia 
was not quite as conspicuous in the spleens of hepatic enrhosis as m prolonged 
obstruction of the mam portal vessels 

Smus hyperplasia Mas piesent m all but one instance This Mas a case in 
which the spleen lvas almost completely compiessed The sinuses were moie 
numerous and conspicuous in spleens that showed moie advanced fibrosis The 
sinuses vary in shape, being moie rounded and regulni in Abiotic spleens than 
those in the eaily phases They vary in width from those that aie almost com- 
pletely collapsed to those that appear dilated These variations depend on a 
number of factors 1) The stage of fibiosis The more advanced the fibiosis, 
the larger the sinuses 2) The state of contraction of the spleen After a hemor 
rhage the sinuses appear more collapsed 3) The size of the sinuses aie particu- 
larly different in post moitem matciial where the blood is peimitted to ooze freely 
than in spleens removed at operation where the vessels have been ligated In 
the only case of cirrhosis of oui series where splenectomy was pel formed the 
sinuses were conspicuously dilated It is foi this leason that many obseiveis 
(34, 36, 37, 38) have stressed the need of examining the histology of the spleen in 
the distended state and after washing out the blood 4) An associated cardiac 
lesion, in such instances the sinuses are wade 
The Malpighian bodies were almost invariably l educed in size This was the 
lesult of fibrosis, either pern ascular around the cential artery or moie fiequently 
in the marginal zone In a numbei of cases it w as both The degree and extent 
of this fibrosis varies and parallels that noted in the red pulp The penfollicular 
fibrosis is not due to organization of a liemoriliage but to ex-tension of the sclerosis 
from the led pulp This is the lesion that Bnnti termed “fibroadenie” of the 
follicles and which he legaided as specific for the disease which he desenbed 
Since manj observeis have since shown that “fibroadenie,” as Banti defined it, 
occuis in a wade variety of spleens that have been subject to prolonged portal 
hypertension, its specificity has been rejected 

Of 14 cases that came to autopsy and in which the presence or absence of a 
fairly developed collateral circulation, as manifested by varicosities of the eso 
phageal veins, was noted m the protocol, eight showed such vancosities The 
six in which it was not reported revealed large fatty liveis in which the fibrosis 
was still in an early stage, with narrow zones of fibrosis, comparatively laige livei 
lobules, and with little or no distortion of the vascular bed This accords with 
the observation of Thompson (20) who observed that such patients were not 
subject to gastro intestinal hemorrhage but died usually from hepatic insuffi- 
ciency In two cases of portal cirrhosis fresh red thrombi m the portal vessels 
were found, the first in the left main branch of the portal v ein and in the second 
there were mural thrombi of the splenic and supenoi mesentenc veins Both 
showed midphases of the lesions It is possible that the thrombi in the portal 
vessel may have enhanced the portal pressure 
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That the stages we have described in portal cirrhosis are not hypothetical was 
proven in one case in which an accessory spleen the size of a pea was found. The 
morphological changes in the main organ are much more mature than in the 
accessory structure. The fibrosis is more mature, the Billroth cords are wider, 
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the same progressive variations as in portal cirrhosis, but the general pattern was 
not quite as mature. The fibrillar and collagenous reticulum was considerably 
increased (fig. 3). In four instances, plasma cells were found in small numbers. 



Fig. 3. Biliary Cirrhosis Due to Chronic Ciiolangiolitis 
Spleen 535 gms. Marked sinus hyperplasia, pulp cords wide and fibroblastic 


Sinus hyperplasia was found in all but one, an infant of two months with con- 
genital obliteration of the bile ducts. In the remaining two cases of congenital 
obliteration of the bile ducts, in infants of 6 and 7 months respectively, sinus 
hyperplasia was conspicuous. 
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Esophageal vances were found in three of the 12 cases, in two gastrointestinal 
hemoirhages occmied during life The comparative infiequcncy of a well 
developed collateial anastomosis as compaied to poital ciriliosis may be ascribed 
to the shot tei dui ation of the disease The factor of dui ation is lllusti ated in the 
three cases of biliaiy cmhosis caused by congenital obliteration of tbe bile ducts 
The infants died at the ages of 2, 6 and 7 months icspectively In all the moi- 
phological changes in the spleen aie conspicuous, but less mature m the youngest 
than in the older two children These cases in young clnldien show that appie- 
ciable splenic fibroblastic changes can anse witlun a penod of months 
c Toxic cirrhosis Five cases The smallest spleen w eighed 580 gms , the 
largest 800 gms The aveiage was 090 gms 

As in poital cnrliosis, giadations m mntunty from the early fibioblastic to a 
fibrotie transformation of the pulp of the spleen was noted 

Only one of the four eases that came to autopsy show ed esophageal vanees 
Apparently, lo\ic cmhosis tluough its moie diffuse parenchymal involvement 
causes as a rule a wider distoition of the poital bed than portal cmhosis, as the 
greatei enlargement, the moie conspicuous sinus hypeiplasia and a gieatei degiee 
of fibrosis of the spleens indicate The compaiative infrequency of the formation 
of a w ell de\ eloped collateral circulation may be accounted foi , in pai t at least, 
by the shoiter dui ation of the disease 

d Hepatic cirrhosis with hemochromatosis One case The spleen was foui 
times the normal in size and showed the charactenstic changes we have descubed 
m advanced portal cirrhosis 

e Hepatic cirrhosis due to schistosomiasis One case The spleen weighed 
2250 gms The finei moiphological changes lesembled those seen in advanced 
poital cmhosis Theie were aicas of hematopoiesis No phleboscleiosis was 
noted eithci m largei trunks oi in the trabeculae A collateral circulation was 
piesent with a ruptured esophageal vam The unusually Iaige spleen and the 
maturity of the lesions confirm Thompson's observations 
f llepai lobatum Two cases Tbe spleens weighed 1240 gms and 050 gms 
icspectively Both spleens showed advanced fibiosis with sinus hj perplasia, 
thickened trabeculae, “aufsplitteiung” and fibrosis of tbe Malpighian follicles 
A fewr plasma cells weie noted in the second case Esophageal vances weie 
present in both 

In lespcct to the mntunty of the splenic moiphology in these various types of 
hepatic fibiosis wc would glade these spleens in the following older 1) biliaiy 
cnrliosis, 2) portal cirrhosis, 3) toxic cmhosis, hemochromatosis and hepar 
lobatum , 4) schistosomiasis When the appi oximate date of onset of the obstruc 
tion can be determined, theie is a conespondence between the matunty of tbe 
lesions and the dui ation of the obstruction Whether theie is any relation 
between the matuiation of the lesions to tbe height of tbe portal hypertension 
could not be deteimincd Suggestive is the repoit of Thompson who found an 
avenge mean pressme of 350 mm salme in scion cases of poital cmhosis, while 
in six cases of schistosomiasis the average was 390 mm 
The cilrahcpahc causes of hypotension of the poital emulation aie of special 
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significance in elucidating the pathogenesis, since they permit the study of the 
effects of the portal hypertension in the earliest stages. 

g. Acute and subacute thombosis of the portal vein. Five cases. These five 
cases represented various durations of the obstruction from a fresh red thrombus 
to those that were only beginning to organize, so that at the most the duration of 
the oldest clot may be safely put in terms of days or weeks. It is also necessary 
to add that in none was the obstruction complete. These five cases represent 
gradations of a process within a comparatively narrow range. 

The earliest change was found in a case where the thrombus was fresh and red 
and almost completely filled the lumen. The spleen was already large, weighing 
375 gms. The organ was a mass of red cells obliterating all the normal pulp 
landmarks. The sinuses were not visible and the lymphatic nodules were small 
due to the hemorrhagic infiltration. The pulp cells were widely scattered. The 
capsule was tense (fig. 4). The spleen cannot be distinguished from that ob- 
served in acute congestion from cardiac failure. 

In another case where the thrombus was grey and firm, one noted the same 
congestion, but the sinuses were now visible but widely distended, especially in 
the subcapsular area. The fixed cells of the pulp are now more compact, but 
show no evidence of fibroblastic change (fig. 5). The marginal zone of the Mal- 
pighian follicles are still disrupted by erythrocytes. The spleen was shrunk 
somewhat. 

The next stage is represented b} r a case in which the thrombus was grey and 
firmer. The sinuses were easily visible and distended. The endothelium is 
encircled by a delicate fibrillar network. Some of the cells begin to show fibro- 
blastic changes. The congestion of the pulp cords between the sinuses is abun- 
dant, while the marginal zone of the lymph follicles is still hyperemic but less 
than in the preceding. The next stage is represented in an organizing thrombus 
of the left branch (fig. 6). The sinuses are increased and conspicuous, and are 
surrounded by a thin layer of collagen. The pulp cells are definitely fibroblastic. 
The pulp cords are wide and contain many red blood cells. Ihe lymph follicles 
are small due to pericentric formation of collagen. The succeeding stage is 
represented in fig. 7. The sinuses are numerous and conspicuous, ffhe pulp 
cells have been converted into fibroblasts. The Billroth’s cords are wide^ and 
contain appreciably less erythrocytes than in the preceding four cases, fheie 
is as yet no or perhaps questionable “aufsplittenmg”. The Malpighian follicles 
are still small and show a narrow area of fibrosis in the marginal zone. A silvei 
stain showed a moderate increase in the fibrous reticulum around the sinuses. 
In this case we found an accessory spleen which permitted us to compaie the 
morphology in two different stages. The accessory spleen was pea-size and 
revealed only a diffuse hyperemia, such as was noted in the earliest stage. Bo 
sinuses were visible and the fixed pulp cells showed not the slightest evidence of 
a fibroblastic change (fig. 8). 

The largest spleens in the group (375 gms. and 380 gms.) occurred in the eai lest 
stages and approached the size (450 gms.) that McMicliael (18) found to be the 
maximum state of distensibility of the normal human spleen. It is notewoi thy 
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a grey thrombus, the character of the fourth thrombus was not described in the 
proctocol. The largest spleen weighed only 225 gms. The smallest 210 gms. 
The changes in this series show a slightly advanced stage as compared to 








m 










■g$ki i 










Fig. 5. Second Phase of Portal ? YP g^Tf^ gms . Sinuses are 
Grey thrombus with partial organization of porta eui. Sp g 

now distinct; pulp cords between sinuses filled with blood. 

thrombosis of the portal vein, but this may be due to the more advanced I stage 
of the thrombi. The number of cases is too small to perm, t the condu ^on that m 
acute or subacute splenic vein thrombosis the lesions are more matare “ ' 
acute or subacute tlirombosis of the portal vein. The ultimate stage P 

















Fig 6 Third Phase of Portae IIyfertevsiov 
Old organized thrombus of portal vein following carcinoma of bile duct. Spleen 175 
gms Smua hyperplasia, pulp cords wide and fibroblastic. 

|T >■ Thrombosis of both portal and splenic veins. Ttvo cases. In the first ease, 
with a fairly fresh thrombus of the splenic vein and a grey tlnombus in the portal, 
the spleen weighed only 150 gms. The spleen shotted the emliest lesion dcsctibcd 
previously. 

The second case was of unusual interest because the diagnosis of “Bnnti’s 
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disease” was made and a splenectomy was performed. The splenic and portal 
veins were filled with a firm carcinomatous thrombus. Esophageal varices 
were found, one of which had ruptured. The spleen weighed 1000 gms. The 



Portal Vein Due to Liver Abscess 


Fig. 7. Suppurative Thrombophlebitis of l ortal u-' 

Spleen 245 gms. Sinus hyperplasia, pulp cords fibroblastic 

histological picture is that of the fairly advanced stage of : spleno- 

meguly! This case is significant because in vietv of the ^hp.ant na me of the 
tumor, the duration of the occlusion must be measured in terms of months, ner 
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splitterung”, and fibrosis of the Malpighian follicles. Phlebosclerosis of the 
splenic vein was noted in 3 of the 4 cases. These showed varicosities of the 
esophagus. In three, typical megakaryocytes and foci of hematopoiesis were 



Fig. 9. Late Phase of Portal Hypertension 
Cavernous transformation of portal vein. Spleen 6 X II X 21 cm. Sinus hyperplasia, 
pulp coids wide and fibroblastic. 


seen. The livers appeared normal except for extension of the cavernous process 
into some of the portal radicles. These four cases revealed the classical moi- 
phological features of the spleen that have been described under the heading of 
“Banti’s disease,” “Splenic anemia,” “Splenic fibrosis,” “Sclerose pulpaire,’ and 
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“Congestive splenomegaly." It is obvious, in reviewing our previous exposition 
that these changes are not specific for cavernous transformation oi the portal 



Fig. 10. Terminal I’iiase of Portal Htfertension 
Cavornous transforinatioR of splenic vein. Spicen 24 X 15 X 0 cm. Low power. Ex- 
tensive sinus hyperplasia, mature fibrosis. Trabeculum shows “aufsplitterune." 

vein but represent an exaggeration and a maturation of the lesions previously 
described. 

k. Cavernous transformation of the splenic vein. Three cases. The first patient 
had an echinococcus cyst of the liver removed eight years previously. The spleen 
weighed 425 gms. In the second patient the spleen weighed 1000 gins. The 
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third patient presented a “Banti syndrome” with repeated hemorrhages and had 
a splenectomy. The spleen measured 24x15x6 cm. 



Fig 11 Healed Thrombosis of Hepatic Veins 

Spleen 475 gms. Low power. Sinus hyperplasia with more mature fibrosis o ] I 
Trabeculum shows “aufsphtterung”. 


These cases of old splenic vein thrombosis differed little from those following 
cavernous transfoimation of the portal veins. In one case the Bi io ) C01 ® 
were almost completely fibrotic. In other words, the circulation 0 P l 
had been practically destroyed and the circulation within the organ ia e 
converted from an open into an almost closed one. The section piesen 
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angiomatous appearance (frg 10). Tins case showed the most advanced lesion 
encountered and may be regarded as the ultimate stage of the process described 



*■ s t? _ i 

Tin 12 Hiaild Thrombosis or Hepatic Vrr\s 
bpleen 475 gms Arcs of e\tr impdullarj hematopoiesis tt ithin sinus High potter 


This case suppoits the observation of llousselot (25) that the largest spleens m 
liypei tension of the poital circulation occur m those in which the obstruction is 
nearest the splenic lulus In all three cases there were some mononucleai eosmo- 
philes, many megakaryocjtcs and foci of hematopoiesis within the sinuses 
Srdciotie hemonhages were noted in some trabeculae and in the strbcapsular 





Fig. 13. Phlebosclehosis or Hepatic Veins 
Spleen 475 gms. Silver stain. Hyperplasia of reticulum around sinuses 

1. Compression and obliteration of the splenic veins. Four cases. Hie com- 
pression was due to a neoplasm in three cases. In the fourth, the splenic vein 
was obliterated due to an old pancreatitis. 

These cases reveal progression of the lesions from the earliest phase which we 
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have olneived m acute and subacute thrombosis of the portal oi splenic veins, 
to the late phase u Inch \i clme desci ibed among the cln omc obstructions Pi e- 
sumablv, the dominating factor in pioducing these piogiessive stages uas the 
duration of the obstmction In the cailiest, the duiation must hate been ex- 
tiemely slioit, in the terminal, the duiation must have been man}' yeais 

m Stenosis 0 / ( lie portal tern One ease The spleen was three times the 
nounal size The capsule was thickened, the Billroth colds were widened and 
the cells were \ oung ftbioblasts The sinuses weie modeiately lijpeiplastic 
The tiabeculae showed no “aufsplittemng ” The Malpighian bodies weie small 
Theie was some penfolliculai congestion 
n Obstruction of the hepatic terns Two cases While a splenomegaly of 
considerable size is lecoided in all reports of obstiuction of the hepatic \ems, 
no studj' of the finer morphology of the spleen has been ax ailable, except that of 
Coronim and Obeison (39) They repoit a “filnoadenie” analogous to that of 
“Banti’s disease” in one case of endophlebitis of the hepatic xeins tVe were 
surpused to find such advanced lesions in om two cases 

The first was a male aged 19, who showed at post moitem old adheient and 
paitialh organized tluombosis of two of the main branches of the hepatic vein 
Tlieie was marked fibrosis and sinus hyperplasia, the sinuses were wade and m 
conjunction with the fibrotic walls gaxe the section an angiomatous appearance 
(fig 11) A numbei of megakaryocj tes w eie noted w itlun the sinuses and aieas 
of eijtluopoiesis (fig 12) The second case was one of endophlebitis of the 
hepatic % ems, w ith complete occlusion of the lumma by den«e fibrous tissue The 
spleen was tlnee times the normal size and showed fairh ndianced hypeiplastic 
changes (fig 13) The fiist case showed a somewhat moie adianced stage than 
the second, but m both the degree of fibiosis is considerable and the lesions are 
indistinguishable fiom those we hare described in the hepatic enrhoses No 
eudence of an anastomotic circulation was found 111 our case, but Thompson and 
Turnbull (28) leport esophageal \ances in two cases 

We hare not had an opportunity to examine the spleen in the Crux eilhier- 
Baumgaiten syndrome but the cnculaton distuibance indicates strongly that 
ahx pei tension of the portal cu eolation must arise A considei able splenomegaly 
is the rule in this disoidcr Benque (40) and Eppmgei (41) describe a mor- 
pholog} 111 the spleen eompaiable to that of “Banti’s disease” 

DISCUSSION 

The material assembled thus far re\ eals a series of spleens w ith a consistent 
moi pliological biological progression, from a pure h}peremic spleen to one with 
such an extensile fibiosis that almost complete destruction of the pulp spaces 
Ins taken place, so that for the most part the terminal aitenoles communicate 
directli with the sinuses The enil} phases anse 011 I} when the obstruction in 
the poitil circuit is of short duration, da}s or weeks, while the ultimate phases 
are alw ai s associated w ith an obstmction of many } ears duration The common 
denominator is a lijpei tension of the poital circulation To the older stages, 
the teim “congeslixe splenomegal} ” at Lariabee’s suggestion, is corn entionally 
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employed. Most students of the splenomegaly of “Banti’s disease” or of hepatic 
cirrhosis have repeatedly postulated that congestion alone could not be held 
responsible for the changes, since spleens with this morphology are not observed 
in congestion of central origin. They have invoked another factor, perhaps a 
toxic or an inflammatory one. Furthermore, the proponents of a secondary 
factor did not take into consideration the fact that central congestion is not all 
of the same type, in terms of pathological physiology; they have curiously fallen 
into a common fallacy in assuming that “congestion” and “stasis” are synony- 
mous with increased venous pressure. The difference becomes obvious in the 
clinical study of cardiac failure. The venous pressure only becomes elevated 
during periods of failure. When compensation ensues the venous pressure 
returns to normal levels, although clinical and even anatomical evidence of con- 
gestion remain. Congestion may be the result of factors other than increased 
venous pressure. In uncomplicated cases of polycythemia vera the systemic 
congestion is the result of an increase in blood volume; in hyperthyroidism it is 
due to an increased blood flow. We believe that the reason why the morpho- 
logical changes in congestive splenomegaly are usually not observed in cardiac 
disease is because in most varieties of cardiac disease, the venous hypertension 
is a transitory one and not sufficiently prolonged. For this reason, we first 
studied the morphology of the spleen in a cardiac disorder in which increased 
venous pressure may persist for years, namely constrictive pericardium. Despite 
the clinical awareness that the spleen is enlarged in constrictive pericardium 
(42, 43) the finer morphology has not been studied. 

o. Constrictive pericardium. Ten cases. In all but one of the cases we shall 
report, the rigidity of the greatly thickened pericardium was augmented by either 
circumferential or scattered areas of calcification. All showed the classical 
clinical evidence of this malady. In five in which readings of the antebrachial 
pressure >vas recorded, the pressures ranged betAveen 150 and 285 mm. of normal 
saline solution. In three cases the hepatic veins shoAA T ed thickening and areas of 
sclerosis, evidences, as Ave tried to point out some years ago (3), of prolonged 
elevated venous pressure. In one the splenic A r ein also A\'as thickened, flhe 
spleens Avere all enlarged except three. The smallest AA'eighed 44 gms. the largest 
570 gms. The average AA r as about 300 gms. The capsule Avas thickened in all; 
but in two cases it Avas sufficient to be termed “sugar casing.” The Billroth 
cords were widened and sho\\ r ed fibroblastic to fibrotic transformation. The 
sinuses AA'ere hj^perplastic, mostly AA r ith Avide lumina, some AA T ith flattened endo- 
thelium, but they AA'ere not as prominent or numerous as in the cases of chronic 
obstruction of the portal or splenic Am ns or even in hepatic cirrhosis. The tra- 
beculae AA'ere usually increased and “aufsplitterung” AA r as noted in three that 
shoAA'ed a preponderant fibroblastic change. The Malpighian follicles AAeie 
usually small and shoAA'ed some perifollicular fibrosis and in one case this Avas 
accompanied by fibrosis around the central A-ein. A typical spleen in consfricti\ r e 
pericarditis is shoAA-n in fig. 14. In comparison to the cases of chronic obstruction 
of the portal or splenic Amins and to cirrhosis, the number of erythrocytes in the 
pulp meshes and the enlargement of the sinuses AA r ere greater than Avould be 
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expected. Collateral circulation arises only when an area which has been sub- 
jected to a prolonged high venous pressure must divert its blood into an area 
where normal venous pressures prevail. In constrictive pericardium, both 
portal and peripheral venous pressure are presumably equally elevated/ 

It seemed therefore pertinent to study the spleen in certain types of valvular 
defects, in which recurrent frequent attacks of decompensation occur with corre- 
sponding piolonged periods of elevation of venous pressure. Such cases arise 
either in advanced mitral stenosis with relative tricuspid insufficiency or cases 
of organic tricuspid insufficiency or stenosis. 

p. Cardiac hepatic fibrosis. Ten cases. In all the right auricle and ventricle 
were enormously enlarged. The pulmonary artery was arteriosclerotic, and 
there was marked sclerosis of the capillaries of the pulmonary alveoli, expressive 
of an unusually severe and prolonged hypertension of the pulmonary circuit (2). 
As an additional evidence of marked hypertension of the pulmonic circuit, scle- 
rosis of the hepatic vein was noted in five. The venous pressure was recorded 
in two cases; it measured 205 and 310 mm. of saline solution. In none was 
sclerosis of the portal or splenic veins found, but in one there was slight sclerosis 
of a trabecular vein. Li (32), on the other hand, reported phlebosclerosis of the 
portal vein in four cases of myocardial failure. The smallest spleen weighed 
135 gms., the largest 300 gms., and the average was 245 gms. 

Histologically, these spleens revealed progressive changes from those that were 
almost purely hyperemic to those that showed a greater or lesser degree of fibrosis 
with sinus hyperplasia. ■ Even the most mature lesions had not passed the fibro- 
blastic phase. There is always some perifollicular congestion. Silver stains for 
fibrillar reticulum show only a slight increase. The trabeculae in the later stages 
were increased; and only in the more fibroblastic spleens was there evidence of a 
beginning “aufsplitterung.” The livers in these cases were usually large, and 
showed a greater or lesser degree of fibrosis around the central veins. 

In summary, the changes noted in these spleens represented a less mature 
process than those observed in the cirrhoses of the liver and^in chronic portal or 
splenic venous obstruction, but both in the evolution and in their morphology, 
these spleens were indistinguishable from those we have described in the sub- 
acute phases of extrahepatic obstruction. 

q. Cardiacs without cirrhosis. Five cases. The cardiac lesions paralleled 
those of the preceding group. The weight of the spleens varied between 125 
(a boy of 15) and 300 gms. The average was 205 gms. Histologically, the 
organs differed from the preceding only in the fact that all but two represented 
the early stages described previously. These latter showed lesions that were 
comparable to the later phases. The livers were large and showed extensive 
central congestion. It is apparent that the presence or absence of fibrosis in the 
liver has a slight influence in producing fibroblastic change within the spleen, and 
it does so only by virtue of the fact that the fibrosis represents a more prolonged 
phase of hypertension of the lesser circulation (3). 

There is a paucity of studies on the finer morphology of the spleen in long 
; , , , valvular disease with passive congestion. Sokoloff (44) found 
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dilated sinuses with thickening of the adventitial walls and ,of the supporting 
structure of the pulp, which extends into the reticulum of the Malpighian bodies- 
The tvabeculae were thickened. Nicolaides (45) in addition found thickening 
of the trabecular veins. Matsui (4G) describes hyperplasia and hypertrophy of 
the reticulum fibres, both of the pulp sinuses and of the Malpighian follicles. 
The greater the amount of reticulum the less cellular the pulp, and the larger the 
spleen the more advanced mo the lesions. Stengel and Fox (47) found large 
spleens, less distinct Malpighian bodies, and hyperplastic trabeculae and fibrous 
stroma. Klemperer (4) states “that in prolonged cases of passive congestion, 
the Malpighian bodies may decrease in size. The cytoplasmic reticulum and the 
free white cells of the pulp may diminish in number. The Toticulum fibers be- 
come slightly prominent and the capsule and trabeculae thickened.” Smith and 
Gault (48) state that the ultimate phase of chronic passive congestion may render 
it difficult to differentiate the lesion from “Banti’s disease” or hepatic cirrhosis. 
Whether all such spleens result in cyanotic atrophy, it is impossible to say. 
Hypothetically such an eventuality would be unlikely if a prolonged venous 
pressure is not maintained, as in constrictive pericardium. 

COMMENT 

From this exposition it is evident that the peripheral resistance may be any- 
where between the heart and the hilus of the spleen. On mechanistic grounds 
one would presume that, other things being equal, the more distal the peripheral 
resistance is from the spleen, the less the portal hypertension. Consequently 
morphological changes would attain a lesser degree of maturation. Such indeed 
has been found to bo the case. But there are influences that may modify the 
morphological picture profoundly. The most important is the duration of the! 
obstruction. This is manifest in the marked difference in the morphology of the 
spleen in acute, subacute and chronic vascular obstructions. Another factor is 
unquestionably the degree of hypertension within the portal circulation. That 
the height of the pressure is a factor is indicated by Thompson’s (20) observation 
that the greater the density and distortion of the fibrosis in portal cirrhosis, the 
greater the splenomegaly. The height of the pressure is not as important as the 
duration since the portal venous pressures do not approach the normal arterial 
pressures. Nevertheless, even under such pressures veins do become sclerotic 
(24), but only under conditions where the pressure has been prolonged such as in 
varicosities of the lower extremities, in the venous segment of an arteriovenous 
aneurism, and in the pulmonary veins in hypertension of the pulmonary circu- 
lation. Another influence that may modify the finer morphology is the piesence 
or absence of cardiac failure. In this situation the sinuses, the pulp and the 
perifollicular areas are engorged. An additional factor is collapse of the organ 
consequent upon exsanguination. This is especially notable in the deeper por- 
tions of the spleen. Splenic collapse after hemorrhage has been emphasized by 
Lubarsch (49) and Brnndberg (50), Brandberghas observed that fibrotic spleens 
contract less. Finally, an associated infection, with infiltration of the spleen 
with plasma cells may alter the morphology somewhat. We have noted such 



216 


ELI MOSCHCOWITZ 


Avlien the thrombus has become grey and adherent, the sinuses again become 
visible but are widely distended and the lining endothelium is flattened. The 
Billroth cords are narrow and the pulp spaces are distended with erythrocytes. 
The cells of the pulp are not as dispersed and remain normal in appearance. The 
periphery of the Malpighian bodies are hyperemic but the zone is narrower. The 
spleen has shrunk somewhat. In the next stage, when the thrombus has become 
partially organized, the Billroth cords begin to widen; the pulp cells increase and 
have undergone a fibroblastic change, and the pulp spaces show an appreciable 
diminution in erythrocyte content. Well defined sinuses appear which are still 
dilated and the lining endothelium is no longer flat. The walls of the sinuses are 
composed of a delicate ring of fibrillar reticulum surrounding the endothelium. 
The Malpighian bodies are small and the hyperemic peripheral zone is now 
minimal. The spleen is still larger than normal but not appreciably more than 
the preceding. When the thrombus has become firm and well organized, the 
Billroth cords become still wider and the pulp spaces contain less erythrocytes. 
There are no longer normal pulp cells; they are much increased and many have 
been converted into fibroblasts. The sinuses are abundant, less dilated and the 
ring of the fibrillar reticulum around the sinuses is thicker and denser. The Mal- 
pighian bodies no longer show a hyperemic zone. In this stage the capsule may 
show some thickening and the spleen is larger. When the thrombus has become 
completed fibrous the Billroth cords are wide and the pulp spaces contain only a 
minimal quantity' of blood. The pulp cells become predominantly fibroblasts 
and the sinuses show extensive hyperplasia and are even more prominent, so that 
the section begins to appear angiomatous. The walls of the sinuses are thicker. 
The trabeculae are increased in size and the edges begin to show an “aufsplit- 
terung.” The Malpighian bodies are smaller due to peripheral encroachment 
by the fibroblastic tissue of the pulp. The spleen is now much larger than normal 
and the capsule is more frequently thickened. A collateral circulation around 
the lower end of the esophagus is frequently present. When the thrombus be- 
comes so completely organized as to be termed “cavernous transformation, 
the maturation of the process is almost complete. The Billroth cords become 
* sclerosed and canalized and the pulp spaces contain only a small number of 
erythrocytes. The pulp cells are now all flat fibroblasts; the sinuses are sharply ^ 
defined and the lining endothelium is unusually prominent. Their number is 
excessive. The Malpighian bodies are much smaller and in addition to a peri- 
follicular, a fibrosis around the central vessel may' appear. The trabeculae show 
distinct increase and there is a marked “aufsplitterung.” Hemorrhagic areas 
within the trabeculae or in the subcapsular areas may occur, which aie often 
siderotic or infiltrated with calcium. (McMichael (18) by serial section has 
shown that these arise from rupture of trabecular vessels.) Phlebosclerosis of t ie 
main tr unks of the portal veins or within the trabeculae is frequent. Megakary- 
ocytes may appear in fair abundance "within the sinuses with areas of extiame u 
lary hematopoiesis. The spleen is huge, averaging around 1000 gms. an t e 
capsule is usually thickened. The greatest thickenings are in the immediate 
vicinity of the subcapsular siderotic hemorrhages. In all such cases a collatera 
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circulation has been well established. The maximum phase was noted in one 
spleen, the result of cavernous transformation of the splenic vein. Here the 
Billroth cords were almost completely transformed into firm fibrous connective 
tissue so that in many areas they appeared bloodless. The other splenic com- 
ponents were correspondingly' affected. In this organ, the splenic circulation 
had been converted from an open to a practically closed one. All stages except 
the terminal, were noted in spleens that resulted from the other causes of hyper- 
tension of the portal circulation that we have enumerated. The reason the 
lesions have not progressed further is because the clinical histories and the nature 
of the obstruction leaves no room to doubt that the hypertension has not been 
sufficiently prolonged. 

The general picture may be modified by certain secondary factors. With an 
associated cardiac lesion, perifollicular and pulp congestion with dilatation of the 
sinuses are nearly always noted. When exsanguination occurs, narrowing or 
collapse of the deeper sinuses may be present. This arises less frequently in the 
more fibrotic spleens. When an infection is associated, there may' be greater or 
less infiltration of the cords with plasma cells. 

The significance of the megakaryocytes and foci of extramedullary hematopoi- 
esis requires consideration. Megakaryocytes were noted in ten cases. In five 
they were noted in cavernous transformation of either the portal or splenic veins; 
two in portal cirrhosis, and one each in hemochromatosis, phlebosderosis of the 
hepatic veins and schistosomiasis. Extramedullary foci of hematopoiesis were 
also noted in ten cases. In five it occurred in cavernous transformation of the 
portal or splenic veins, in three portal cirrhoses, and one each in the cases of 


hemochromatosis and Bilharzia. In eight cases these two phenomena were asso- 
ciated, in two megakaryocytes were noted without extramedullary hematopoiesis, 
and in two extramedullary' hematopoiesis was noted without megakaryocytes. 
In one case megakarocytes were present in both liver and spleen. Apparently, 
these phenomena are not related to any particular cause and cnly occurred in the 
very advanced lesions of portal hypertension. This accounts for their extra- 


ordinary frequency in cavernous transformation of the portal or splenic vein 
since this is the commonest cause of prolonged extrahepatir rectal hvpertenaon. 

The frequent association of megakaryocytes and eri-— ~--y hematopoiesis 
in the spleen permits us to regard them as simultaneous ftsudtcs. These have 
been frequently reported in congestive splenomsusuy -'37. 35, 59). Foa and 
Carbone (59) .noted many megakaryocytes in rfesL-^fruirsui pigs to thirtv 
days after ligation of the portal or splenic veseL Iz cierer-^hientnl rcpo-= 
no mention is made of either megakaryocytes cr :':e <£ hsua topofegs Bc-F 
megakaryocytes and extramedullary cryiiroryt z?dg& \ 

rn the spleen but in other organs such as K— - , "1 A 

conditions in which the bone marrow fuurfim is .cen ~ „ 

for rnstance in osteosclerosis (GO Gl)tuudb— £sk 
partake in hematopoietic function A—-'—- tge - < 7 ?T ~ I*- 

soon after birth, when the bone ~ .:2' _ "*7^ Tr 

many animals this function is 
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(62) deems these evidences of extramedullary hematopoiesis a phylogenetic 
reversal. This is the probable explanation for the presence of megakaryocytes 
and extramedullary erythrocytopoiesis in congestive splenomegaly, even though 
microscopic changes in the bone marrow in such individuals has not been demon- 
strated. The usual anemia that is associated with congestive splenomegaly may 
be an indication of this. The megakaryocytes in congestive splenomegaly cannot 
represent cells that have been swept into the circulation from the bone marrow 
because first, as Klemperer (4) emphasizes, they are never found in the finer 
arteries, second, because they are usually associated with extramedullary hema- 
topoiesis, and third, because they are only found in prolonged obstructions with 
advanced lesions. 

Finally, our material suggests that when cases of congestive splenomegaly are 
subjected to a painstaking examination, a cause for the production of the hyper- 
tension of the portal circulation is always found. The cases of “unknown” origin 
belong mostly to the group that have been, studied after splenectomy alone. It 
is sometimes difficult to visualize or palpate a lesion within the portal or splenic 
vein at operation. As an instance, Mallory (63) reports a case of “B anti’s syn- 
drome” in which no cause was found at operation; later by microscopic examina- 
tion a canalized thrombus of the splenic vein was found. This indeed occurred 
in one of our cases. An unknown factor is often invoked in instances of reported 
“recovery” after splenectomy for congestive splenomegaly. There is a grave 
question whether any patient ever completely “recovered” after this operation 
in the sense of a complete restitutio ad -integrum, since a collateral circulation 
almost always develops in cases that come to operation, and such a collateral 
circulation is always potential in causing a hemorrhage into the gastrointestinal 
tract. Reports of cases of “recovery” even five or ten years after splenectomy 
are to be viewed with reservation. 

e 

SUMMARY 

A morphological study of 86 spleens in various maladies associated with hyper- 
tension of the portal circulation was made. The finer morphology of these 
spleens was studied from the biological point of view, and the changes were traced 
from the earliest to the most mature phase. In this we have been aided by the 
simultaneous study of an accessory spleen in a few cases. - The evolution is 
identical no matter what the cause of the portal hypertension may be. The 
morphological difference is merely one of degree. Other things being equal, the 
more distal the obstruction from the hilus of the spleen, the less intense the 
lesions. The duration of the portal hypertension is a much greater factor in 
increasing the intensity of the lesions than the height of the pressure. The mor- 
bid histology is modified by exsanguination, an associated infection or cardiac 
failure. Reasons have been submitted for believing that portal hypertension 
is the only factor that produces these lesions. The lesions in the spleen are 
interpreted as a venocapillary sclerosis. In the terminal stages of the morbid 
process, the circulation of the spleen is thus converted from an open to an almost 
closed one. This seriously compromises the reservoir function of the organ. 
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Teleologically, the venocapillary sclerosis may be viewed as a compensatory 
adaptation to the increased intravenous pressure. Megakaryocytes and extra- 
medullary hematopoiesis only occur in the terminal stages and are usually simul- 
taneous reactions. They probably represent a phylogenetic reversion. There 
are, no "unknown causes” for "congestive splenomegaly” when cases can be sub- 
mitted to post mortem study. The term “congestive splenomegaly” is not 
strictly accurate, because congestion and venous hypertension are not necessarily 
synonymous phenomena. 
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DISTURBANCES OF THE ACID-BASE BALANCE OF 
HUMAN BLOOD 
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INTRODUCTION 

The clinical conditions that are associated with disturbances of the acid-base 
balance of the blood are familiar to many physicians. Some of these, such as 
diabetic coma and nephritis, are of concern to the internist; while cases of intes- 
tinal obstruction with vomiting and of draining gastro-intcstinal fistulas must 
be dealt with by the surgeon. Perhaps the most extreme disturbances are 
found in children, and the pediatrician is particularly interested in acid-base 
balance. But whatever the cause, and whoever bears the responsibility for 
management, optimal treatment depends upon two things: first an accurate 
diagnosis of the land and magnitude of the disturbance, then the application of 
rational principles of therapy suited to the changing circumstances of the case. 

The preferred method of estimating a disturbance of the acid-base balance 
is by the determination of the plasma CO 2 content. This is usually done on 
venous blood drawn and centrifuged in such a manner that uptake of oxygen by, 
or loss of C0 3 from, the sample is minimized. 2 The average normal venous 
plasma CO. content is 28.2 mM/L, with a range from 24 to 33 mM/L. If a 
C0 2 content of more than 33 mM/L is found, it is customarily inferred that an 
alkalosis is present, and if it is less than 24, a diagnosis of acidosis is made. 
This inference is based on the assumptions (a) that the plasma CO 2 closely 
parallels the bicarbonate content or "alkali reserve,” (b) that other blood buffers 
are negligible in comparison with the bicarbonate anion and (c) that there is 
no respiratory abnormality. By this reasoning a low plasma bicarbonate con- 
centration is the result of an accumulation of abnormal acids (or deficit of base) 
in the blood, and a high bicarbonate concentration the result of a deficit of acid 
(or excess of base). Hence the term "alkali reserve” applied to the plasma 
bicarbonate content by Van Slyke and Cullen is descriptive of its buffering 
ability when bases or non-volatile acids are added to or taken from the body 
fluids. Although Van Slyke (3) and others have been careful to point out that 


1 Fellow of the National Research Counoil in the Medical Sciences. Present address, 
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’ In many hospital laboratories the original method of Van Slyke and Cullen (1) for 
plasma CO, combining power is still in use. Peters and Van Slyke stale with reference to 
this method : “. . . However, it does not measure directly the concentration of either bicar- 
bonate or total CO. in the circulating blood. For this reason it has been replaced by the 
simpler procedure of determining the CO, content of the true plasma . . « 12). The nlasma 
CO, combining power cannot be used in the nomogram presented here For definitions of 
this and other factors, and of the symbols and units employed, see Table I, 
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* these assumptions are not always true, and in some cases the plasma pH or 
C0 2 pressure (C0 2 tension), P co ,, must also be measured for a proper diagnosis 
of the disturbance, the plasma bicarbonate or C0 2 content is all too often looked 
upon as a necessary and sufficient index of any type of disturbance of acid-base 
balance. Furthermore the almost universal practice of limiting the laboratory 
determination to a plasma C0 2 content or C0 2 combining power has these seri- 
ous drawbacks: 

( 1 ) A mistake in diagnosis is possible. 

(2) The magnitude of the disturbance and the state of other essential factors 
in the acid-base balance can only be approximated. 

(3) Because the magnitude of the disturbance cannot be estimated precisely, 
it is difficult to evaluate the effects of different forms of treatment. 

The chief purpose of this paper is to describe a nomogram for the calculation 
of all the factors necessary for a complete clinical evaluation of disturbances of 
the acid-base balance of the blood on the basis of two chemical determinations 
(such as plasma pH and plasma or whole blood C0 2 content) and an hematocrit 
determination . 3 The description of the nomogram will be preceded by a brief 
discussion of the blood acid-base balance and followed by examples of the 
nomogram’s potential usefulness as illustrated by data of actual cases drawn 
from the literature. Only the factors considered to be essential to a full clinical 
understanding of such cases will be considered here. For a complete discussion, 
both theoretical and clinical, of the acid-base balance of the blood, the reader is 
referred to Peters and Van Slyke (2). 

FACTORS INVOLVED IN THE ACID-BASE BALANCE OF THE BLOOD 

The chemical terms, symbols and units employed in this paper are given in 
Table I. 

Ionic diagrams for human plasma, red cells and whole blood of average com- 
position are given in figure 1. Diagrams of this type emphasize the important 
fact that within the physiological range of plasma pH (extreme pathological 
limits about 6.7 to 7.9) the variable but minute concentrations of H + and OH" 
ions can be neglected in the balance between the sum of the cations (B + )„, and 
the sum of the anions, the ionic concentrations being expressed in milliequiva- 
lents per liter. The anions are grouped into two main divisions. The first of 
these consists of the fixed acids (A"), which are predominantly chloride ion, 
(Cl"), with a much smaller fraction (X~), which includes sulfate, lactate and 
other anions present only in traces in normal blood. The “fixed acids” are so 
called because their respective concentrations are unaffected by pH changes in 
the physiological range . 4 The second main division consists of the buffer anions 
(IICO 3 ") and protein anions (P - ), which are altered with change in C0 2 
pressure or pH. In the plasma the non-C0 2 buffer is comprised almost exclu- 

3 For maximum accuracy with respect to factors of whole venous blood the oxygen satu- 
ration must also be known. 

4 This is true of whole blood, but ignores the effect of changing pH on the Donnan (indi- 
vidual anion) equilibrium between plasma and red cells. 
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sive’y of the plasma proteins, but in the red cells organic phosphates must be 
reckoned in with the reduced hemoglobin and oxyhemoglobin (4). It is evident 

TABLE I 


Definitions of Factors and Symbols 


rACTOX 

BYUBOL 

DEriNTTlON 

Volumes per cent 

Vole. % 

Volumes of dry gas measured at 0°C. and 760 mm. pres- 
sure per 100 volumes of solution. A common unit for 
expressing CO, or O 2 or bicarbonate content of blood, 
but less desirable than the unit of mM/L. 

Millimole per liter 

mM/L. 

1/1000 gram mole of a substance per liter of solution. 
CO, , mM/L « (0.45) (CO, , vole. %). 

Millicquivalent 
per liter 

raEq/L. 

1/1000 gram equivalent of an ion per liter of solution. 
X“, mEq/L = (X, mM/L) (valence of X“). 

CO, tension 

Pcoj 

CO, pressure: pressure of dry gas, in mm. of Hg, with 
which the dissolved carbonic acid is in equilibrium. 

Carbonic acid con- 



tent 

(HjCOi) 

Concentration of H,CO,, mM/L «* f*Pco,. 

CO, content 

CO, combining] j 

power | 

CO, capacity J . 

Plasma CO, com- 
bining power 

(CO,) 

Concentration of total CO, in solution. 

CO, or bicarbonate content of a solution saturated with 
CO, at a given pressure (usually 40 mm. of Hg) or to a 
given pH (usually 7.40). 

Bicarbonate concentration of plasma separated from 
blood and saturated at 25°C. with air containing 5.5% 
CO, . Definition and method of Van Siyko and 
Cullen (I). 

Bicarbonate 

(HCOr) 

Bicarbonate concentration, mEq/L. In this paper 
carbamino CO, is included in bicarbonate. (HCOr) 

- (CO,) - f-Pco, . 

Base 

B + 

Any cation in biological fluids. (This biochemical usago 
is counter to the modern physicochemical definition 
of base.) 

Total base 

(B + ) 

Sum, in mEq/L, of concentrations of individual cations 
in blood. 

Buffer base 

(Bb+) 

Base equivalent to the sum of buffer anion concentrations 
(including HCOr) in mEq/L. 

Fixed acid 

(A-) 

Sum, in mEq/L, of concentrations of individual non- 
buffer anions. 

Non-COa buffer 

(P-) 

Sum of buffer anion concentrations exclusive of HCOr, 
in mEq/L, in blood, plasma or red cells. 

Oxygen satura- 
tion 

S i 

Per cent of total hemoglobin in the form of oxyhemo- 
globin. 

Oxygen unsatu- 

u 

IJ 1 _ S/100 . 

ration 


Hematocrit 

Vc 

Volume fraction of packed red cells in whole blood. 


Subscript s denotes plasma or serum, subscript c denotes red cell, subscript b denotes 
whole blood. 


from the diagrams that part of the total base (B+) is equivalent to the fixed 
acids (A~), while the remainder is equivalent to the sum of (HCOr) and (P~). 
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This second fraction is defined as the “buffer base” (Bb+). This may be ex- 
pressed in two ways: 

(Bb + ) = (HCO3— ) + (P~) eq. (1) 

(Bb+) = (B+) — (A-)- eq. (2) 

The buffer base is most important to this consideration of disturbances of 
acid-base balance because it embraces in a single factor the net effect of several 



Fig. 1. Acid-Base (Ionic) Diagrams for Normal Arterial or Fully 
. Oxygenated Human Blood 

CO« pressure, Pcos — 41 mm. pH, = 7.41. Hematocrit, Vc — 0.45. 

(HCOjJjj (py b 



Ro2~mnHr!73 J23 88 62 44 3/ 22 15 U 
Fig. 2. Effect on Buffer Anions of Varying CO» Pressure, Pcoj and pH, 

Oxygenated whole blood. Hematocrit, Vc = 0.45. Whole blood buffer base (Bu + )b = 
50 mEq./L. 

variables: the concentrations of all the individual ions that are included in (B + ) 
and (A"). These ions are the ones altered only by n on-respiratory or “meta- 
bolic” changes in the body — changes in intestinal absorption, in secretion and 
in renal excretion. A decrease in buffer base (Bb + ) is produced by a decrease 
in (B+), or an increase in one or more of the fixed acids (A - ). This necessarily 
results in smaller values for (HC0 3 ~) and (P~). An increase in (Bb + ) is cor- 
respondingly brought about by an increase in (B + ) or a decrease in (Cl"), and 
implies higher values of (HC0 3 ~) and (P"). 

Figure 2 shows (P~) and (HC0 3 ~) plotted in the manner of the ionic diagram 
at intervals of 0.1 plasma pH, for oxygenated blood of a hematocrit of 0.45 and 
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a whole blood buffer base of 50 milliequivalents per liter. The reciprocal varia- 
tion of (HCOr) and (P~) and the constancy of (Bb+) as the C0 2 pressure is 
altered are clearly shown. Respiratory changes, by affecting the C0 2 pressure, 
may produce a very abnormal bicarbonate content or CO; content, of either 
whole blood or plasma, in the presence of a normal buffer base. 

It is obvious from figure 1 that, expressed on a volume basis, the individual 
and total ionic concentrations in the red cell are quite different from those in 
the plasma. Hemoglobin is a more effective buffer than the plasma proteins, 
and (P - ) is considerably higher in the red cell than it is in plasma. In whole 
blood the ionic pattern will depend on the respective ionic patterns and amounts 
of the two phases, plasma and red cells, present. Although pH and usually 
C0 2 content are determined experimentally on plasma, it is better for present 
purposes to use whole blood rather than plasma buffer base because the latter is 
affected by the “chloride shift” between plasma and red cells as the pH is altered, 
and because all the blood buffers must be taken into account. From the foregoing 
it is apparent that packed red cell volume or hematocrit, Vc, is an essential 
factor in the use of the nomogram. 

Plasma or whole blood bicarbonate is not measured directly but must be cal- 
culated from total C0 2 concentration and carbonic acid concentration as shown 
in Table I. P C o, is seldom measured directly on blood ; it can be calculated from 
the pH, and (C0 2 ) of plasma by means of the familiar Henderson-Hasselbalch 
equation: 

pH. = P K. + log -g— eq. (3) 

■ pH. = pK. + log ^Q 2) ; ~ eq. (4) 

fulco. 

Pco, (C0 2 pressure) is very rapidly altered by changes in lung ventilation, and 
it can be looked upon as the primary factor in respiratory disturbances of acid- 
base balance, just as (BB + )b (buffer base) is the primary factor in metabolic 
disturbances. The Pco, of arterial blood is practically identical with and is 
controlled by the alveolar Pco,- 

Blood oxygen saturation is the last factor that must be included in this abbre- 
viated description of the acid-base balance. Oxyhemoglobin has stronger 
acidic properties than does reduced hemoglobin; in figure 2 the value of (P~) 
at each pH would be about 4 milliequivalents lower if the blood were completely 
reduced instead of oxygenated. Blood with an oxygen saturation of 90% or 
over can be considered as fully oxygenated blood for purposes of obtaining the 
state of the acid-base balance by means of the nomogram. The advantage of 
using arterial or capillary (finger) blood is that the oxygen saturation can be 
assumed to bo 97 per cent except in rare cases of arterial anoxemia. With venous 
blood, however, the oxygen saturation may vary from 35 per cent to 75 per cent, 
at least; whole blood C0 2 and buffer base figures must be corrected for the degree 
of oxygen unsaturation for the most precise results. 5 , 

* Wnous blood of arterial properties can bo obtained by heating the arm in water at 
45°G. for several minutes prior to vein puncture (5). 
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In summary, then, five factors are necessary for an adequate description of 
the acid-base balance of arterial blood: (»1) hematocrit; (2) blood or alveolar 
Pco 2 ; (3) plasma pH; (4) whole blood buffer base concentration; (5) plasma or 
whole blood C0 2 content. For partly reduced blood a sixth factor, the oxygen 



MATOCRIT 

Fig. 3. Nomogram for the Acid-Base Balance of Human Blood at 37° C. 

For oxygenated blood (scales 1 to 5) a straight line through points given on two of the 
scales intersects the remaining scales at simultaneously occurring values of the other 
variables. The position of the line indicates the kind and magnitude of any disturbance 
of the acid-base balance. The normal range is for arterial, not venous blood. For details 
of use, see text. 

saturation, is required for precise results. Other factors, such as plasma bicar- 
bonate and carbonic acid concentrations, may be directly derived from the fore- 
going but are not necessary for clinical purposes. 

DESCRIPTION OF THE NOMOGRAM AND ITS USE 

The nomogram is shown in figure 3. It consists of seven scales, which are, 
reading from left to right (1) whole blood C0 2 content and plasma CO 2 eontent, 
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(2) plasma bicarbonate, (3) whole blood buffer base (BB + )b, (4) plasma pH, 
(5) COj pressure and plasma carbonic acid concentration, and (0) an auxiliary 
plasma pH scale for use with (7) a scale of correction factors for (C0 2 )b and 
(Bn+) b in reduced blood. The first five scales constitute the principal part of 
the nomogram. Scales 2, 4 and 5 arc for plasma constituents, are unilinear and 
are a theoretically exact portrayal of the Henderson-Hasselbalch equation 
(equation 3). Scales 1 and 3 are multilinear, or in the form of grids, with a 
separate scale for hematocrit values at intervals of 0.1 from Yc — - 0 (plasma) 
to a maximum of Vc = 0.6 in whole blood; they were constructed for oxygenated 
blood. In using these scales for whole blood one must interpolate between 
the hematocrit as well ns the (C0 2 ) b or (Bn+)b lines in locating a given point 
Given any two of the experimentally obtainable variables, CO 2 content (whole 
blood or plasma), plasma pH, or alveolar (arterial) CO 2 pressure, P co „ together 
with the hematocrit of the blood one can locate two points on the appropriate 
scales and draw a straight lino through them. This line intersects the remaining 
scales at simultaneously occurring values of the other variables, and gives an 
abbreviated but adequate characterization of the state of acid-base balance of 
the blood at the time it was drawn. Pour examples will be presented to illus- 
trate the use of the nomogram in four possible situations under which the data 
may be given. The correction of whole blood CO 2 and (Bn+)b as shown in the 
last two examples, where venous or incompletely oxygenated blood is analyzed, 
may be omitted in clinical practice if one is willing to accept an error in the buffer 
base of about 1 mEq/L and small errors in the other factors. 

(a) Plasma data alone. Given: (C0 2 ), = 11.1 mM/L and pH, = 7.59. 
Procedure: Locate the point 11.1 on the right-hand edge of the scale 1 grid. 
(Scale 1 is labeled “whole blood CO 2 ’’, but the right-hand scale, where the 
hematocrit is zero, represents plasma.) Locate the point 7.59 on Scale 4. Draw 
a line* through these two points and read off the C0 2 pressure on Scale 5, the 
plasma buffer base on the Scale 3 grid (left-hand edge where Vc = 0) and 
plasma bicarbonate on Scale 2. Since only plasma data are under considera- 
tion the results are correct regardless of the hematocrit or oxygen saturation 
of the blood. 

Results: (HC0 3 -) b = 10.9 mEq/L. (Bb+), = 29.5 mEq/L. P COl = 11.8 mm 
of Ilg. 

(b) Oxygenated wh'olo blood. Given: Finger blood, (C0 2 ) b = 28.8 mM/L, 
pH. = 7.48, Vc = 0.48. Procedure: Locate the point 28.8 on a line 0.8 of 
the distance from Vc = 0.4 to Vc = 0.5 in the whole blood C0 2 grid (Scale 1) 
and the point 7.48 on Scale 4. Draw a line connecting the points and read off 
Pco, on Scale 5 and (Bn+) b from the Scale 3 grid, again interpolating between 
Vc = 0.4 and Vc = 0.5. (C0 2 )„ (BC0 3 ~)« and (Bn + ), may also be read off 
if desired. 

Results: (Bn + )b = 58.5 mEq/L. P co , =_4S mm of Hg. 

(c) Partially oxygenated blood, plasma data. Given: (C0 2 ), = 11,1 mM/L, 

. • A plain transparent rule with a straight lino etched on the under surface is of great as- 
sistance in locating points accurately on the nomogram scales. . ■ 
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pH s = 7.59, Yc = 0.59, Oxygen saturation = 80 per cent. To be calculated: 
Pco„ F COl , F Bd +, corrected (C0 2 ) b and corrected (BB + ) b . Procedure: Locate 
the given points as in example 1 and read off Pcoj = 11.8 mm, and provisional 
values of (C0 2 ) b and (BB + ) b , interpolating between Vc = 0.5 and Yc = 0.6. 
Then with 11.8 on Scale 5, and 7.59 on Scale 6 read off from Scale 7 F COl = 0.9 

80 

and F Bb + — 7.6. The oxygen unsaturation U = 1 — — = 0.2. Calculate 

the corrections for (C02) b and (BB + ) b by multiplying each factor by U X Yc. 
C0 2 correction = (0.9) (0.2) (0.59) = 0.1 mM. Bb+ correction = (7.6) (0.2) (0.59) 
= 0.9. Add the C0 2 correction to the value read from Scale 1 and subtract 
the Bb + correction from the value read from Scale 3. 

Results: Corrected (BB + ) b = 45 — 0.9 = 44.1. Corrected (C0 2 ) b - 

8.2 + 0.1 = 8.3 mM/L. Note that the deviation of (BB+) b from the lower 
limit of normal is not so great as the deviation of (Bb + ) 3 . For most clinical pur- 
poses it may be sufficient to take (BB + ) b directly from the nomogram without 
applying the correction for oxygen saturation, which is seldom greater than 2 
mEq/L. 

(d) Partially oxygenated blood, (C0 2 ) b one of data. Given: (C0 2 ) b — 

31.2 mM/L, Alveolar P COj = 62.3 mm, Vc = 0.59, 0 2 saturation = 89 per cent. 
To be calculated: pH„, F C o„ F Bb +, oxygenated (C0 2 ) b , corrected (BB + ) b - Pro- 
cedure: Locate (C0 2 ) b on Scale 1 grid and P C o, on Scale 5 and find a preliminary 
pH B of 7.41 on Scale 4. With Pco, = 62.3 and pH„ = 7.41 on Seale 6, read off 

89 

Fcoj = 2.8 from Scale 7. Oxygen unsaturation U = 1 — = 0.11. C0 2 

correction = (2.8) (0.11) (0.59) — 0.2 mM. This correction is subtracted from 
the given (C0 2 ) b , since, at this necessary intermediate step, we must convert 
from, reduced to oxygenated blood, instead of from oxygenated to reduced blood, 
as in the previous example. Oxygenated (C0 2 ) b — 31.2 — 0.2 = 31.0 mM/L. 
This is the (C0 2 ) b this blood would have had if fully saturated with respect to 
oxygen. Now return to the main part of the nomogram and with Pcoi = 62.3 
and (C0 2 ) b = 31.0 read off (BB + ) b = 60.5 mEq/L and pH„ = 7.41. The C0 2 
correction was small, so the pH a is the same as on the initial trial, and the same 
calculation of C0 2 correction applied with the usual + sign gives the original 
(C0 2 ) b of 31.2 mM/L. The factor for (Bb+) is 5.7 mM/L and the correction = 
(5.7) (0.11) (0.59) = 0.5. Corrected (Bb+)„ = 60.5 - 0.5 = 60.0 mEq/L. 

Results: (BB + ) b = 60.0 mEq/L. pH s = 7.41. Here, as in example (c), the 
corrections for oxygen unsaturation can be ignored when maximum precision is 
not necessary. 


CONSTRUCTION OF THE NOMOGRAM 

The nomogram has been constructed from data in the literature on the buffer 
curves of human oxygenated and reduced whole blood and plasma (6), and the 
relation of plasma to whole blood C0 2 content (7) for blood of varyung hematocrit 
or total hemoglobin content. Average values have been assumed for protein 
concentration in the plasma (72 grams per liter of plasma) and for hemoglobin 
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concentration in the red cell (20 mM of 0 2 capacity per liter of cells). Devia- 
tion from these figures will affect the buffer curves of the blood, and hence the 
accuracy of the nomogram. However, the wide variation to which plasma 
protein concentration is subject introduces a small error because of the rela- 
tively small buffer value of the plasma proteins. The hemoglobin concentra- 
tion in the red cell has a rather narrow normal range of 18.7 to 21.2 mM/L; 
the upper limit is seldom exceeded, and lower values occur principally in iron- 
deficiency type anemias. The red cell organic phosphates, which have been 
shown to change markedly in certain disturbances, are a factor in the buffer 
curves of normal blood as used in the construction of the nomogram. All these 
assumptions introduce minor errors in the values obtained by use of the nomo- 
gram, but do not affect significantly the clinical interpretation of the data. 

The errors inherent in the construction of the nomogram and in the reading 
of the scales can be stated more exactly. If care is used in locating points and 
the line of acid-base balance, the reading error does not exceed ±2 per cent and 
iB generally less than ±1 per cent. The P co ,> plasma pH and bicarbonate 
scales are theoretically exact, while the whole blood C0 2 , plasma COj, buffer 
base and correction scales are approximations of the data on which they are 
based. Values read from the latter scales agree with corresponding ones calcu- 
lated from the basic formulas within ±3 per cent, except at the extreme ends 
of the scales, i.o., outside a pH range of 7.0 to 7.8, where somewhat greater 
deviations may be encountered. Errors of this magnitude are negligible in 
clinical work. 


DISTUKBANCES OF THE ACID-BASE BALANCE 

The normal average values of the different factors have been indicated by 
small solid squares on the scales of the nomogram, and the normal range by 
broken lines intersecting the scales. These values have been selected after a 
careful review of data on arterial and finger blood and alveolar air composition. 
The range selected includes about 95 per cent of (C0 2 )b, (C0 2 ), and pH, values in 
arterial blood of normal individuals at rest, and about 90 per cent of arterial or 
alveolar P COl values. A greater variability is reported in the extensive series of 
finger blood determinations by Shook and Hastings (8), but the activity of these 
subjects was not controlled. 

The nomogram is a representation of the mathematical fact that for blood of 
any given hematocrit and oxygen saturation all the factors in the acid-base 
balance are determined when any two of them are known. The state of acid-base 
balance is shown by a straight line, which is fixed by any tuio of its intersection 
points on Scales 1 to 5. From a mathematical standpoint any two of the vari- 
ables may be used ns independent ones to fix the line, and the values of the other 
variables are necessarily dependent on them. From the experimental stand- 
point it is practicable to determine some but not all of the possible combinations 
of the different.factors represented. But from the physiological standpoint tho 
two factors that are primarily and directly subject to the action of the regulatory 
and metabolic activities of tho body are tho whole blood buffer base, (Pa+)j, and 
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the arterial or alveolar C0 2 pressure , P COl . In this sense the whole blood and 
plasma CO2 contents, the plasma bicarbonate content and pH are dependent 
variables. To classify disturbances of acid-base balance it appears advantageous 
to use the two “physiologically independent” variables and they are so em- 
ployed here. The classification given in Peters and Van Slyke (2) is similar in 
outline, but differs somewhat in details of nomenclature and does not provide 
numerical values for the buffer base. Any classification in reality merely supple - 
ments the use of the nomogram, which contains all the information required to identify 
a given disturbance, if the fundamental physiological processes involved are under- 
stood. 

For purposes of illustration Table II has been compiled from cases of acid-base 
disturbance reported in the literature. The diagnosis and reference are given in 
column 2, and the analytical data in columns 4 to 8. The values of Pcoj and 
(BB+) b> as obtained from the nomogram, are in columns 9 and 10, and the devia- 
tions of these factors from their respective normal means, in columns 11 and 12. 
The cases are arranged in sequence according to the direction of the disturbance 
in (BB+) b and Pco, (as evidenced by the + and — signs in columns 11 and 12), 
and their classification is listed in column 13. If the line of acid-base balance 
for each case in Table II is plotted from the analytical data, the use of the nomo- 
gram in diagnosis of acid-base disturbances will be apparent. 

METABOLIC ALKALOSIS AND ACIDOSIS 

Since disturbances of the buffer base are the most common clinically, this 
factor will be considered first. An increase in the whole blood buffer base is pro- 
duced by a fixed acid deficit or base excess. This may be termed a metabolic 
alkalosis. The upper part of Scale 3 grid, above the upper, broken, normal line 
on the nomogram is labeled “fixed acid deficit or base excess.” A line of acid- 
base balance that crosses this part of the buffer base grid represents a disturbance 
involving a deficit of fixed acid or excess of base. A deficit of fixed acid occurs 
with loss of chloride from plasma and extracellular fluid in persistent vomiting, 
particularly as a result of high intestinal obstruction (case 2, Table II) or in 
continuous loss of stomach contents by gastric fistula or suction drainage. An 
excess of base, on the other hand, is produced by' ingestion of alkalizing salts, 
such as the bicarbonate, lactate or citrate of sodium or potassium (cases 1 and 3). 
The anions of these salts are excreted or metabolized rapidly, leaving the equiv- 
alent amount of cation to augment the concentration of whole blood buffer base. 

A decrease in buffer base is conversely the result of a fixed acid excess or base 
deficit, as indicated on the nomogram next to the lower part of Scale 3 grid. 
This is often called a metabolic acidosis. The anion involved in the increase in 
fixed acid may be Cl - , SO4 , HPO4 , an organic radicle such as lactate or 
acetoacetate, or an abnormal radicle such as NO3 - Certain salts of ammonia 
and the alkaline earths are acidifying (Case 11), in the case of the former because 
the ammonia is rapidly converted to urea in the liver, and in th£ latter because 
the cation appears to be poorly absorbed from the gastro-intestinal tract. Apart 
from these exogenous acids lactic acid may be produced in the body in large 
quantities during severe exercise, anoxia, hemorrhage or ether anesthesia, and 



TABLE II 

Examples of Actd Base Disturbances 

Analytical data arc taken from the references cited id column 2 Where analytical data 
are lacking for the factors in columns 4 and 5, assumed values are indicated hy parentheses 
In the calculation of AP C o. and d(Bn + )b m columns H and 12, normal values of arterial 
Pew and (Bn + )b are taken from the nomogram at the analytical Vc given in column 5, for 
venous blood a normal mean Fcoj of 46 5 mm is assumed , 


houogbau r ACTORS 


AKAtYTICAC DATA 


I Deviations 

from nomial ciASSmcATtOH 07 
m M n niSTUBBANCE 



Experimental ETA (95) 0 51 30 0 7 64 27 7 53 

NaHCOj ingca 
tion and over- 
ventdatlon (0) 

l Intestinal ob V (GO) (0 40) 39 6 7 64 45 5 €0 6 

etructlon (10) 

3 Experimental F (97) 0 48 28 8 7 48 48 0 68 6 



—13 8 +8 Muted alkalosis (pri 
mary irotabolic 
and primary tes- 
apiratory) 

N R t +12 5 Metabolic alkalosis 


NaHCOi Ingce 
tion (11) 


4 Hypertensive car V (60) (0 40) 38 4 7 41 65 8 54 5 

diovascular re- 


nal disease (12) 


5 Emphysema A 89 0 59 31 2 7 41J 62 3$ 

‘ fixed cheat 


6 Fever (T 104*) V (60) (0 40) 24 2 7 53 28 5 48 

due to grippe 

(14) 

7 Experimental in F (97) 0 48 25 3 7 25 66 0 48 

halation of COi 
(II) 

8 Normal man ae- A 66 0 65 14 0 7 43f 23 0J 42 5 

cl matited to al 
titudo of 19 000 
feet (15) 


+7 6 +8 6 Metabolic alkalosis 
■with alight eecond 
ary respiratory 
acidosis 

+10 +6 5 Mixed disturbance 

metabolic alkalosis 
and respiratory aci 
dosis 

+20 8 +0 Mixed disturbance 
primary respira- 
tory acidosis with 
secondary meta 
bolio alkalosis 

~18 NvR f Respiratory alkalosis 


+14 6| N R f Respiratory acidosis 


9 Acute encephalitis A £0 0 59 j 8 3 7 59 11 8 44 
and ketosis (16) J 


10 Renal failure car- V (60) (0 40) 4 9 7 01 14 5 1 8 5 

cinoma of fad 
ney (10) 

11 Expenmen tal F (97) 0 42 17 2 7 25 44 2 40 


NH«C1 inges 
tion (II) 

12 Therapeutic COi A 99 0 50 24 6 
administration 
curamed men 
tal patient (17) 


—15 6 v-8 Mixed disturbance 

primary respira 
tory alfadoeifl with 
fiocondary raeta 
bohe acidosis 

—29 7 *-7 Mixed disturbance 

primary respira- 
tory alkalosis and 
primary meta 
bohe acidosis 

—32 —29 5 Mctabol 0 acidosis 

With secondary re- 
spiratory alkolos a 

N R f —8 Metabolic acidosis 


~18 Mixed acidosis (pn 
mary respiratory 
and primary meta 
bohe) 


• A.nxtcnalblood F, finger blood HA, venous blood from heated arm V, 1 
fNR factor within normal range 

1 pH, calculated from nomogram, Pcoi being one of analytical data. 
i Fcoi determined on end-expiratory alveolar air sample 

3 
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the keto acids, fi-hydroxybutyrie and aceto-acetic, in uncontrolled diabetes and 
in starvation. In terminal nephritis or any condition associated with failure of 
kidney function, retention of phosphates and sulfates results in a fixed acid excess 
(case 10). A deficit of total base relative to fixed acid is seen in the severe diar- 
rheas of infancy, in cholera and dysentery and in fistulas of the intestinal or 
biliary tract. The intestinal and biliary secretions, in contrast to the gastric 
juice, contain relatively more base than fixed acid. 


respiratory alkalosis and acidosis 

The clinical conditions that have been mentioned above all involve a primary 
change in the whole blood buffer base. By primary we mean that the change 
is induced by physiological processes such as absorption, excretion or metabolism, 
processes directly influencing the concentration of whole blood buffer base. In 
a similar manner we may speak of a primary change, by altered respiratory 
activity, in the arterial CO 2 pressure, Pco 5 > the second of the two "independent” 
variables of the acid-base balance. Most disturbances of the acid-base balance 
produced by a primary change in one of these two factors will manifest, if they 
persist long enough, a secondary change in the other factor. Such a change is 
always in the direction of effecting a more proportionate distribution of the dis- 
turbance among the different variables, and is the result of physiological regula- 
tory mechanisms set in to operation by the original disturbance. For example, 
a primary fixed acid excess, unless of very mild degree, is almost always accom- 
panied by a secondary decrease in Pco s - Pet us suppose the arterial whole blood 
■ buffer base to be lowered to 30 mEq/L, (Scale 3), with Vc = 0.40 and with a 
normal Pco, of 40 mm (Scale 5). The plasma pH* would then be 7.10 (Scale 4) 
and (C0 2 ) b , 13.1 mM/L (Scale 1). With a secondary decrease in P C o, to 27 mm 
the pH* becomes 7.18 and (COa) s 10.6 mM/L. It will be observed that this 
secondary change ‘in Pqo 2 is associated with an increased deviation of (CO/)* 
from normal, but with a smaller deviation of pH*. A reduction of the pH« 
deviation always accompanies a secondary change in (Bb + ) or Pco,- 

In the case of secondary change in (Bn + )b the regulatory mechanism is selective 
excretion and production of acid or alkaline urine by the Iddneys (cases 5 and 8) ; 
in the case of arterial Pco? if I s control of ventilation rate by reflex and direct 
action on the respiratory center (cases 3 and 10). Such mechanisms are homeo- 
static with respect to the acid-base balance of the blood, but we have avoided 
the use of the term "compensatory” change because the latter is customarily 
taken to signify a deliberate attempt on the part of the organism to return the 
plasma pH to normal. In a case of fixed acid excess with secondary decrease 
in P c0 , there is usually some degree of acidosis still present; there is no evidence 
to suggest that a state of normal pH B and low Pcoi i s letter tolerated by the 0 y 
than one of low pH* and normal P C o* and hence that the one state should be 
called compensated and the other uncompensated. We consider it better to 
speak of the change in P COj or (BB+) b as primary or secondary. There may be 
a primary change in both factors simultaneously and the clinical circumstances 
of the case must be relied upon to tell whether the deviations determined on the 
nomogram are primary or secondary. 
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While primary clinical disturbances of Pco, are less common than disturbances 
of (Bb+) u> primary physiological changes are frequent. Arterial Pco, ' s decreased 
in exercise, in relative anoxia or in any state -with a considerable increase of 
metabolic rate; it is increased during sleep. On the nomogram the upper part 
of the P co , scale, with pressures less than 35 mm, has been designated “over- 
ventilation,” and the lower part of the scale, with P C o, greater than 48 mm, 
“under-ventilation.” The alveolar or arterial P C o, can also be raised by adding 
C0 2 to the inspired air, in which case over-ventilation may be seen associated 
with a high P C o,- 

A respiratory alkalosis may be defined as a primary decrease in Pco,- Such a 
decrease is found in most cases of fever or hyperpyrexia due to any cause (case 
6), in cases of encephalitis (case 9), brain tumor or other neurological conditions 
producing an irritation of the respiratory center, in hysterical over-ventilation, 
and in some cases of traumatic shock and cardiac decompensation. 

A primary increase in Pco, or respiratory acidosis is encountered in some cases 
of pulmonary disease (case 5), in cases of narcotic or anesthetic depression of the 
respiratory center, in respiratory paralysis due to convulsions, electric or metra- 
zol shock, or to curarization (case 12), and in a few cases of cardiac decompensa- 
tion. It can also be produced by inhalatory administration of gas mixtures 
containing C0 2 (caso 12). Cases of pneumonia and other lung conditions severe 
enough to produce cyanosis and anoxemia seldom interfere with CO ; . exchange 
because COs is so much more diffusible than oxygen. It is only in cases of 
emphysema with rigid chest (case 5), where total air exchange is limited to a 
minimum, or cases of the most extensive destruction of alveolar tissue, that a 
build-up of arterial P C o, occurs. 

•T 

MIXED DISTURBANCES 

As stated previously, a primary change in one of the independent factors, 
whole blood buffer base or COs pressure, is often accompanied by a secondary 
change in the other factor. A primary metabolic acidosis, with a secondary 
respiratory alkalosis, such as that described in the preceding section, would be 
an example. Such combinations aie all mixed disturbances of the acid-base 
balance in which the deviations of (Bs+)b and P co , tend to produce opposing 
changes in pH. Similar combinations are also encountered in which both 'in- 
dependent factors have undergone a primary change. In all of these cases 
(cases 3 to 5 and 7 to 9) the pH disturbance, if any, is given unambiguously by 
use of the nomogram, but often cannot be predicted from the name of the mixed 
- disturbance without the nomogram. A final group of mixed disturbances is that 
in which both factors tend to produce the same deviation in pH — the group 
comprising mixed acidosis (case 1), and mixed alkalosis (case 12), (each a primary 
metabolic and a primary respiratory disturbance); there is no uncertainty with 
regard to the pH shift here. 

On the nomogram “acidosis” and “alkalosis” have been placed at the appro- 
priate ends of pH,, scale 4. Unqualified, these terms, “acidosis” and “alkalosis,” 
arc meant to indicate an abnormal pH, value, and this alone. When qualified 
by “metabolic,” however, they refer to changes in (Ba+) b , and when qualified by 
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“respiratory,” to changes in P COr The pH deviation is then indicated by the 
acidosis or alkalosis of the primary factor, with the exception of certain mixed 
disturbances, where, as indicated above, the nomogram may be required to fix 
the pH. 

An examination of the C0 2 values in Table II will disclose that a normal C0 2 
content may exist in the presence of a severe acidosis or alkalosis of the mixed 
type, and that both an increase and decrease in (BB+) b may be associated with 
either a high or a low C0 2 content. The disadvantages of using C0 2 content 
alone as an index of metabolic acidosis or alkalosis are apparent. 

OTHER APPLICATIONS OF THE NOMOGRAM 

The nomogram can be used in many ways to illustrate aspects of the acid-base 
balance of the blood : the C0 2 dissociation curves of whole blood, true plasma or 
separated plasma; the relationship of C0 2 combining power and C0 2 content; 
the effects of anemia on the buffer properties of blood; the chloride shift between 
plasma and red cells as a result of pH changes. But to the clinician the most 
important use, next to that of making the initial diagnosis, is in following changes 
in acid-base balance in response to treatment. One clinical example has been 
selected for this purpose: a case of diabetic coma reported by Bock, Field and 
Adair (18). 

This is the case of a 14-year old boy with uncontrolled diabetes of one year’s 
duration, admitted with the typical signs of diabetic coma. Arterial blood was 
used for the determination of whole blood C0 2 content, P C o 2 by interpolating 
on measured C0 2 dissociation curves (in some specimens alveolar P co , was also 
determined) . No hematocrits are reported, and only two oxygen capacity values 
are given, so we have assumed a value of 0.40 for Vc after the dehydration was 
corrected. The data are summarized in figure 4 together with the calculated 
pH s and (Brrt)b, all values being plotted according to the date and time the blood 
sample was taken. The values of pH s from the nomogram are higher than those 
given by Bock, Field and Adair because the latter values have been calculated 
from whole blood C0 2 and Pco 2 data without the proper corrections having been 
applied. 

Treatment consisted of orange juice by mouth, intramuscular saline solution, 
insulin and alkali in the form of sodium bicarbonate. No alkali was given until 
six hours after admission, when sodium bicarbonate was started by rectal infu- 
sions because of the small change in (C0 2 ) b and Pco : i n response to other treat- 
ment. Afterward the sodium bicarbonate was given by mouth. It was stopped 
and resumed on two occasions because the (C0 2 ) b fell each time it was discon- 
tinued. The total amount of alkali and duration of its administration foi each 
of these periods are given in figure 4. The changes in buffer base and in the 
other factors in response to the sodium bicarbonate administered are shown very 
clearly. 

'This case demonstrates a feature of diabetic acidosis that has not received 
sufficient attention, despite its being noted as long ago as 1917 by Stillman, Van 
Slylce, Cullen and Fitz (19): the return of buffer base toward normal is relatively 
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more complete and prompt than the return of Poor The authors just cited 
report a relatively low alveolar P C o, in five of ten cases of diabetic acidosis, when 
the CO* combining power is only moderately reduced. In the case given here 
the persistence of the low P c0 , has resulted in an alkalosis after the third day as 
the pH, varies between 7.44 and 7.58 after this date. This is contrary to what 
one would expect if the change in Pco, were purely secondary to the acid excess; 
respiratory responses to pH change are very rapid. It seems clear from these 



Fig. 4. Complex Acid-Base Pathway in Recovery from Diabetic Coma, 
Illustrating Mixed Nature of the Acid-Base Disturbance: Primary 
Metabolic Acidosis and Primary Respiratory Alkalosis 

Persistence of over- ventilation and low CO: pressure result in marked alkaline shift in 
pH. following NaHCO, therapy. Case IV reported by Bock, Field and Adair (18). 

and other cases in the literature (20, 21) that the disturbance of acid-base balance 
in uncontrolled diabetes is the product not only of an acid excess but also of a 
primary overventilation. The latter is possibly due to the accumulation of 
acid metabolites in the respiratory center, which would be quite in keeping with 
the much slower return of the respiratory factor to normal in response to treat- 
ment. In this case the administration of alkali in the later stages of treatment 
has indeed raised the buffer base and CO; content toward normal, but it has 
exaggerated the rise of pH, above normal. The drop in buffer base and (CO;)i, 
on February 2 (figure 4) may have been secondary to the persistent hyper- 
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ventilation rather than a recurrence of the primary accumulation of keto-acids 
in the blood. Continued administration of alkali had the effect of raising the 
pH B to an abnormal range again. These data illustrate clearly the errors of 
interpretation that may result from using the C0 2 content alone as a guide to 
alkali therapy in diabetic acidosis. 

The fact that two chemical analyses are required to obtain the state of acid- 
base balance does not imply the necessity of larger blood samples from the 
patient. The determination of the pH a , whole blood C0 2 content and hematocrit 
may be carried out on as little as 0.1 ml of blood (22). This provides the data, 
necessary and sufficient, to permit estimation of the C0 2 pressure and whole 
blood buffer base from the nomogram. Since the method is a micro one, finger 
blood can be used and serial determinations made on the equivalent of arterial 
blood without the disadvantage involved in multiple arterial punctures. 

SUMMARY 

1. The plasma C0 2 content or C0 2 combining power, by itself, is always in- 
complete and occasionally deceiving as an index of the state of acid-base balance 
of the blood. 

2. The principal factors involved in an adequate clinical description of the 
acid-base balance are the C0 2 content of whole blood or plasma, the hematocrit, 
the plasma pH, the whole blood buffer base, the C0 2 pressure and the oxygen 
saturation. For blood of a given hematocrit and oxygen saturation two of these 
factors are necessary to determine the others. 

3. A nomogram is described that provides the values of the remaining factors 
in arterial blood when two of the factors and the hematocrit are known; correc- 
tions are also furnished for venous or incompletely oxygenated blood. 

4. The nomogram is used to classify disturbances of acid-base balance on the 
basis of the levels of whole blood buffer base and arterial C0 2 pressure. The 
importance of a complete diagnosis of such disturbances is discussed and illus- 
trated by the analysis of reported cases, including the changes that occur during 
recovery from diabetic acidosis. 
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APPENDIX 

CONSTRUCTION Or THE NOMOGRAM 

The nomogram was first applied to the problem of the physico-chemical equi- 
librium of the blood by I». J. Henderson, and a discussion of some of the relevant 
mathematical features of the nomogram will be found in his book entitled “Blood, 
A Study in General Physiology.” The necessary condition for the construction 
of a nomogram relating a number of variables u, v, w, which are functions of two 
independent variables x and y is that the following equation must be satisfied: 

y = m,x 4- b, 

where m* and b, are single-valued at any value, n, of z, which represents u, v, or 
w. In the case of the blood the selection of the independent variables and their 
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form of inter-relation are matters of convenience. Here it has been found most 
convenient to let y equal whole blood C0 2 content, or whole blood buffer base 
concentiation, x, the C0 2 pressure, and z, the plasma pH. Graphs were con- 
structed for these relations in oxygenated and in reduced blood, with several 
different values assumed for the hematocrit, Vc. Scales 2 and 5 (logarithmic 
representations of plasma bicarbonate concentration and Pco,) were drawn on 
the nomogram first, and the linear plasma pH scale, 4, was then fixed by the 
Henderson-Hasselbalch relation. From the graphs of oxygenated blood, for 
selected values of (C0 2 )b and (Bb + )i,, at least two pairs of values for pH B and 
Pco, were obtained, and these used to locate lines of equilibrium state on the 
incomplete nomogram. The intersection of related lines was then the location 


TABLE III 

Constants Used in Calculations 
Temperature 37°C. 


Vc 

(PV 

(Hb)' 

COl SOLUBILITY FACTOR, f 


g/L. blood 

mM/L. blood 

mM/L. blood/mm. PcOt 

Plasma 

72.0* 

0.0 

0.0311f 

0.2 

57.6 

' 4.0 

0.0301 

0.4 

43.2 

8.0 

0.0292 

0.6 

28.8 

12.0 

0.0282 

Red cell 

0.0 

20.0 

0.0262f 


(C0 2 ) a - 0.0311 P co 

pK. - pH. - log oTSir p— - 6.11t 


* From Dill, Edwards and Consolazio, J. Biol. Chem., 118, 635 (1937). 

t From Van Slyke, Hastings, Sendroy and Neill, J. Biol. Chem., 78, 765,(1928). Values 
corrected from 38° to 37°C. by adding 3%. 

t From Dill, Daly and Forbes, J. Biol. Chem., 117, 569 (1937), and Hastings, Sendroy and 
Van Slyke, J. Biol. Chem., 79, 183 (1928). Correction from 38°C. to 37°C. of +0.01. 

for the selected value of (C0 2 )b or (BB + )b- From a sufficient number of these 
points the scale 1 and 3 grids were constructed, with a certain amount of inter- 
polation. 

Many calculations were necessary to determine points for the construction of 
the preliminary graphs. They were accomplished in the manner indicated in 
the following sample calculation, with the aid of the constants and basic data 
given in Tables III and IV. 

Assume whole blood buffer base (BB + )b = 50 mEq/L, Vc — 0.6, pH„ = 7-40, 
and 0 2 saturation 100%. The first step is to calculate the plasma and red cell 
protein anion concentrations per liter 0 / whole blood. 

(P-y = (0.241) (P)/ = (0.241) (28.8) = 6.9 mEq/L. blood eq. 1 

(P-y = (2.06) (Hb)c' = (2.06) (12.0) = 24.7 mEq/L. blood eq. 2 

(p-y = (p-y -j- (P-y = 6.9 + 24.7 = 31.6 mEq/L. blood eq. 3 
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The buffer base is, by definition, the sum of the "bicarbonate” (including carb- 
amino CO,) and non-C0 2 buffer anion concentrations: 


(HCOr)b = (Bn+) b - (P-) t = 50.0 - 31.0 = 18.4 mEq/L. blood eq. 4 

The CO- pressure is as yet unknown, so (C0 2 ),, cannot be used to obtain (CO?)-. 

(CO,). 

As a first step in this approximation, we use F, the ratio (QQj b > to obtain approx. 
(HCOj - ),. 


approx. (HCOr). = F-(IIC0 3 -) b = (1.310) (18.4) = 24.1 mEq/L. plasma eq. 5 


TABLE IV 


Buffer* and COt Factors Used in Calculations 




OXYGENATED 

REDUCED 

pH, 

(P-.) 

calc. 

CP-)o 

(CO*)./(CO*)bt 

calc. 

(P-). 

<CO,),/(CMbt 



pH. 

Vc - 0 2 

Vc - 06 

pH 0 

Vc-0.2 

Vc - 0 6 


mEqf 


mEaf 
mil {lib) 

mM/L. serum 

mM/L. serum 


mEq/ 

mM{Ub) 

mM/L serum 

mM/L serum 



mM/L blood 

mil/ L blood 


mM/L. blood 

mM/L blood 

6.80 

0.178 

6.76 

0.49 

1.057 

1.195 

6.74 


1.018 

1.159 

7.00 

lilEilil 

021 

1.0G 

1.063 

1.222 

G.89 


1.051 

1.175 

7.20 

0.221 

7.06 

1.63 

1.076 


7.04 

1.15 

1.058 

1.203 

7.40 

0.241 

M4JI 


1.083 


7.19 

1.02 

1.067 

1.239 

7.60 

0.202 

7.33 


1.099 

1.370 

7.34 

■X33 

1.081 

1.284 

7.80 

0.283 

7.45 

2.91 

1.199 

1.452 

7.49 

2.50 

1.097 

1.338 

8.00 

0.304 

7.58 

3.29 



7.62 

2.93 




* From Dill, Edwards and Consolazio, J. Biol. Chem., 118, G35 (1937). Smoothed curves 
from equations or graphs. 

t From Van Slyke and Sendroy, J. Biol. Chem., 79, 781 (1928). 


But 


pHs = 6.11 + log 
approx. (HCOr). 24.1 


eq. (6) 


.. approx, i COj - ( 0 .0311)(10 pn *- 611 ) = (0.0311) (lO™ 0 ’ 6 n ) = 39 - 7mm - ec b (7) 

And (COa)b — (HCOa~)b ~h (0.0282) (Pco») ~ 18.4 + 1.12 = 19.5 raM/L. blood 

eq. 8 

Now the exact (C0 2 ), can be found from (C0 2 ) k and F: 

(CO,). = F- (CO?),. = (1.310) (19.5) = 25.5 mM/L. plasma eq. 9 
But oil. = 6.11 4- loir --CO, cq ^ 


pH. = 6.11 + log 0 0311 Pco, 

b 0.0311 Poo, 

25.5 


. t> _ (CO,). 

" 001 (0.0311)(1 + 10 pn ->’ K ) - (0.0311)(1 + 1.95) 

(H 2 CO,). = (0.0311) (40) = 1.24 mM/L. plasma 


= 40.0 mm. eq. (11) 
eq. 12 
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(HCO3 ) B (C02)s (H 2 COs) a — 25.5 — 1.24 = 24.3 mEq/L. plasma eq. 13 . 
exact (H 2 C0 3 ) b = (0.0282) (40.0) = 1.13 mM/L. blood eq. 14 

exact (C0 2 ) b = 18.4 + 1.13 = 19.53 mM/L. blood eq. 15 

Similar calculations were carried out for values of (BB+) b of 70, 50, 30 and 23 
mEq/L.; for values of Yc of 0.0, 0.2, 0.4 and 0.6; for values of pH, of 6.8, 6.9, 
7.0, 7.2, 7.4, 7.6,, 7.7, and 7.8; and for reduced as well as oxygenated blood. 
(BB+) b and (C02)b could then be plotted against Pco, for different levels of pH B , 
Vc and oxygen saturation to obtain the graphs preliminary to the construction 
of the nomogram. 

The derivation of the correction factors, fco a and f BB +, for incompletely oxy- 
genated blood, on scale 7, was a complicated process. Essentially the derivation 
consisted of the development of empirical equations from the graphs relating 
(C0 2 ) b and (BB + ) b to Pco,- These were linear relations of the forms 


(C0 2 ) b = miPco, 


eq. 16 


(BB + ) b = m 2 P C oi +■ b 


eq. 17 


where mi, m 2 and b are all different functions of pH„, Vc, and the oxygen un- 
saturation U. Values of mi and m 2 and b were accordingly calculated and 
analyzed for their relationship ’with these variables. For a constant pH„ and U 
the"' variations with Vc were seen to be linear, so values extrapolated to Vc = 1 
were calculated. Such values of mi and m 2 were found to have a nearly linear 

relation with 10 pH '~ 7 ^or — x io 7 )’ anc ^ ^ rom ^ese relations the difference 

between U = 1 and U == 0 could be obtained. Similar treatment of b extra- 
polated to Vc = 1 gave a nearly linear relation with pH, from which the differ- 
ence between U = 0 and TJ — 1 could likewise be derived. The final equations 
were these: 


Reduced (C0 2 ) b = Oxyg (C0 2 )b + [(0.022) (10 pH> 7 ) — 0.010]- Poor U'Vc 

eq. 18a 

- Oxyg (C0 2 ) b + fco,-U-Vc eq. 18b 

Reduced (BB + ) b = Oxyg (BB+) b — [{ (0.022)(10 pH ‘~ 7 ) — 0.010}Pco, ” 8.5]-U-Vc 

eq. 19a 

= Oxyg (BB+) b — fsB+'U-Vc e 9- 

There is a theoretical basis for these equations that need not be entered into 
here. Values of f co , and f BB * are thus readily calculated from pH, (scale 6) and 
Pco, (scale 5) and located on the nomogram as scale 7. 
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INTRODUCTION 

Pulmonary insufficiency may be defined as a pathological state producing 
physical disability, and caused by disordered or inadequate functioning of the 
lungs. This may be primary, due to intrin pubm" :\ 'V * *, or secondary, 
as when pulmonary function is reduced in"' ■ ’ 1 . ‘ ■ :■.»" i >■, :i in. re. 

About sly years ago (1), two of the present authors suggested a simple classifi- 
cation of pulmonary insufficiency, described a series of methods for the analysis 
of pulmonary functions, and demonstrated the application of these methods in 
the study of forty-five cases of tuberculosis, before and after thoracoplasty. 
Since then, these methods have been extended (2, 3, 4, 5, G, 7, S) and applied to 
the analysis of a large number of cases of various types of pulmonary and cardio- 
pulmonary disease. In the course of this work, our ideas about pulmonary in- 
sufficiency have also developed further and have become to some extent better 
integrated. 

In the present paper we shall restate our basic classification of the forms of 
pulmonary insufficiency, present in detail the methods which we are now using, 
with our interpretations of their usefulness and limitations, and give, as standards 
for subsequent studies, the results of measurements, from our own and other 
laboratories and clinics, in grou ps of normal subject s.!^- 
It is essential at the outset that the scope of the term pulmonary function as 
we are considering it, be defined, with respect to what it excludes as well as what 
it includes. ’ Primarily it is the functioning of the lungs as such. For the purpose 
of the present discussion, the respiratory stimulus will be more or less taken for 
granted. In this respect, the coverage of the term “pulmonary insufficiency,” os 
we see it, is more restricted than, for example, that of the tern “respiratory, 
Insufficiency,” as employed by Anthony in his excellent-monograph on the subject 
. (9). Furthermore, the extent to which the cardiac and 'circulatory' aspects of 
- pulmonary insufficiency are considered here will be very limited, and treated only , 
as they concern the immediate performance of the lungs ns organs of ventilation 
and 'gas exchange. 

/Physiologically, and to a certain extent anatomically, pulmonary function can 
be divided into two broad categories: ’ ” 

(1) Ventilation, the mass displacement of air between the outside atmosphere 
and tire interior of the lungs. Normal ventilation requires the integrity of the 
1 Tilts work was supported by a grant from the Commonwealth Fund. 
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bony framework of thechest and adjacent parts, and of the muscles employed in 
pSlmonary ventilation; normal structure and elasticity of the pleura and medias- 
tinal contents; normally el astic' ah d'expahiible lungs ; patent air passages; and a 
"iTormal re sniratorv^tlmulus, as tran smitted from the respiratory center. sucE~ 
sfimulusljeing in turn the summation of all nervous influences reaching'the center~ 
from the ventilator y apparatus itselfli mlJr.cmmtIier_ Darts of the Bo dyT 
w rhj sln1nt ivelysimple physiological function is thus served by a large number 
of a natomicaPumts:. dynamic (the various respiratory muscles); supportive 
(thorax, shoulder girdle, spine, abdomen, pleura, mediastinum); passive (lung 
and cardiovascular tissues) ; regulatory and “self-cleansing” (respiratory muscles 
and bronchial, laryngeal, and nasopharyngeal muscles and mucous membranes, 
and the entire nervous apparatus concerned noth ventilatory function). 

(2) Respiratory gas exchange , the exchange of oxygen and carbon dioxide be- 
tween the blood in the pulmonary capillaries and the outside air. While depend- 
ent also on mass ventilation, respiratory gas exchange is more particularly con- 
cerned with the effective distribution of inhaled air to the functioning alveoli 
(“effective tidal air”), and with diffusion of the respiratory gases across the alve- 
olo-capillary membrane. 

This function is thus partly served by that of ventilation, also by the specia 
manner in which air is conveyed along the bronchial passages to the alveoli; but 
it is ultimately an alveolar function as such, in both its distributive and diffu- 
sional aspects. As a convenient approximation, respiratory gas exchange may 
therefore also be termed alveolo-respiratory function. 2 

The allocation of the process of distribution of inhaled air, or in other words 
the process of intrapulmonary mixing, to the alveolo-respiratory rather than the 
ventilatory category, is somewhat arbitrary; but, as later discussion will show, it 
has been found both useful and logical in the development of the concept of 
alveolar function. 

Vcniilaior-y Insufficiency. Adequacy or inadequacy (insufficiency) of ventila- 
fovv function depends for any given metabolic state, on the relation between 

t,u ' m: ' ximum ventilatory capacity of which the individual 
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The maximum breathing capacity, or maximum minute ventilation, is deter- 
mined by the integrity of the anatomical structures above described, and is a 
function having well defined limiting values for normal subjects. Correspond- 
ingly, a pathological diminution in maximum breathing capacity is caused by 
abnormality in one or more of the structures involved, actively or passively, in 
ventilation. 

T he forms of ventilatory insufficiency encountered clinically can be divid ed, 
into two groups: those in which ventilatory capacity is decreased because of 
narrowmg^r*partIal obstruction of pulm onary airways; and those in whi ch ventb 
latorv capacity is decreased because of restriction in pulmonary expansion and 
contraction, from one or another dynamic or structural cause other than obstruc- 

tion of airways, such as: pulmonary tibrosis or other cause of decreased pulmonary 
elasticity, pulmonary congestio n, pneumothorax, kyphosco liosis, etc. 

~~ks a clinical symptom ventilator}' insufficiency becomes apparent chiefly as 
dyspnea, or distressed breathing. In most forms of pulmonary insufficiency the 
relation holds that dyspnea is experienced when the individual’s ventilatory ca- 
pacity cannot easily provide the achial ventilation required. 

The factor of hyperventilation, or increased volume of ventilation for a given 
task, has been stressed in most physiological discussions of the phenomenon of 
dyspnea (10, 11, 12, 13). Quantitatively, such conditions as unequal distribu- 
tion of inhaled air (14, 15, 1C, 17, 18, 19), arterial anoxia from any cause, acidosis, 
and many proprioceptive nervous impulses will increase the respirator}' stimulus, 
effecting ventilation that may be two or even three times the normal values. 

Of much greater importance in the dyspnea of chronic pulmonary disease, how- 
ever, is the other of the two factors, namely, the decrease in maximum breathing 
capacity, which frequently drops to one-third or even one-fifth of the normal 
values. This, as Peabod y pointed out many years ago, and ns various clinical 
investi gators h avemointetLout since, is the chief cause of dyspnea in chronic 
pulmonary di sease. T he breathing reserve in such c ases, that is, the excess 
■ breathing capacity over and above the actuaTventilation of the moment, is well 
correlated with the appearance and extent of dyspnea. 

The above relation applies, as has been stated, quite satisfactorily to cases of 
chronic pulmonary disease. There are other conditions, such ns cardiac failure, 
in which the relation does not hold as well. Patients with congestive heart fail- 
ure complain of dyspnea at times even when their breathing Teserve is Well main- 
tained. But it should be noted that there are actually several kinds of dyspnea 
encountered clinically. That of the patient with chronic pulmonary disease, 
such as pulmonary fibrosis, or pulmonary' emphysema, or kyphoscoliosis, or a 
post-thoracoplasty case is usually simple breathlessness. There are other pa- 
tients in this category^ who, during exercise, scarcely ventilate at all, so that their 
distress is suffocation rather than breathlessness. They are dyspneic in post- 
exercise states. The cardiac patient’s distress is even more complex: with his 
hyperventilation, there is a powerful urge to inspire immediately at the end of 
expiration, apparently an increased Hering-Breuer reflex. There is also, espe- 
cially after exorcise, a profound muscle weakness and sense of exhaustion . There 
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may be a sense of oppression which is of cardiac origin. AH these factors may 
be included in the distress which he describes as “shortness of breath.” 

The methods for the measurement and analysis of ventilatory function are in 
most respects adequate and are relatively simple. 

Defective Respiratory Gas Exchange, or Alveolo-Respiratory Insufficiency. In 
normal individuals, inhaled air is distributed to functioning (perfused) alveoli 
with remarkable efficiency. If one accepts 150 cc. as an approximate normal 
value for the anatomical pulmonary dead space (nasopharynx and non-respira- 
tory airways), then nearly all the remaining air is delivered to functioning 
alveoli, which are both aerated and perfused (19). 

In pulmonary disease, poor distribution of inhaled air may be due to: shallow 
b reathing; underyentilation of relatively well perfused alveolar~spaces, such a~s 
may occur in the dilated alveolar spaces of pulmonary emphysema; overventila- 
tion of other lung spaces which have little or no perfusion by pulmonary blood. 
In the condition in which overventilation of poorly perfused lung spaces predomi- 
nates, the result is merely an inefficient rate of gas exchange with no change in the 
respiratory gas contents of the arterial blood. The more common result of poor 
distribution of inhaled air is that the average unit of blood flows through poorly 
aerated lung spaces, with lower than normal oxygen tension and higher than 
normal carbon dioxide tension. This will usually be partially compensated by 
an increase in total ventilation, the increased respiratory stimulus being provided 
by increased blood carbon dioxide tension, lowered oxygen tension, or both. 

Diffusion of respiratory gases between alveolar air and pulmonary capillaries 
is anatomically dependent on: the network of pulmonary capillaries lining the 
alveolar spaces, providing sufficient surface for diffusion; total blood flowthrough 
the lungs which is adequate in volume and in speed of flow, for oxygen uptake 
and carbon dioxide elimination; an alveolo-capillary membrane permitting free 
diffusion of gases. 

Due to the rapid diffusion of carbon dioxide through water solutions, the par- 
tial pressures of this gas in arterial blood and in alveolar air are identical. In 
oxygen tensions there is a small but definite gradient, that of alveolar air being 
normally 5 to 10 mm. Hg above that of arterial blood under conditions of lest, 
according to the studies of Lilienthal, Riley, et al. (23a). Conroe and Dripps 
(23b), however, found the alveolo-capillary oxygen gradient to be on the average 
only about 1 mm. Hg, although showing considerable variation in individual 
cases. 

Abnormalities in the structures providing for diffusion of respiratory gases lead 
to inadequacy of this function, which is manifested chiefly by lowered arterial 
oxygen tension, sometimes also by increased arterial carbon dioxide tension. 
Often such defects will be added to those of poor intrapulmonary mixing. 

There are, of course, other factors, chiefly circulatory, which must be consid- 
ered in the problem of defective respiratory gas exchange, such as: venous ad- 
mixture in the arterial blood, produced by return flow from bronchial arteries into 
pulmonary veins (in minimal amount a normal phenomenon), or by truly abnor- 
mal venous shunts; reduced total blood flow; alterations in acid-base equilibrium 
in the blood. 
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The chief symptoms of alvcolo-respiratory insufficiency are those of anoxia 
and hyperventilation, as will have been apparent from the above discussion. 

The measurement of intrapulmonary mixing of inhaled air, or the distribution 
factor, with an accuracy sufficient for clinical purposes, is a simple procedure. 
The ultimate resultant of distributive and diffusional factors, namely, arterial 
blood oxygen saturation, carbon dioxide tension, and pH 8 can also be readily 
measured. * In the present study these were the chief measurements used. The 
diffusional factor was thus essentially that part of the arterial blood abnormali- 
ties that could not be accounted for by abnormal air distribution in the lungs. 

More recently, methods have been devised which provide an analysis of (a) 
the distribution factor by following the course of washing out of nitrogen from 
the lungs during pure oxygen breathing (19, 20) or of hydrogen-mixing between 
lung air and the gas in a spirometer (21) and (b) the diffusion factor, by measur- 
ing alveolar gas tensions indirectly, and simultaneously the gas tensions in the 
blood by a direct method (22, 23, 24). Discussion of these methods is beyond 
the scope of the present paper. 


Classification of Pulmonary Insufficiency 
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TYPE 07 DISTURBANCE 

CHIEF SYMPTOMS 

1. Ventilatory 

(a) Restrictive 

(b) Obstructive 

Mechanical 

Dyspnea 

2. Alvcolo-respiratory (respira- 
tory gas exchange) 

(a) Distributive 

(b) Diffusional 

Mechanical and physico- 
chemical 

Anoxia, hyperventilation 


This simple classification, which summarizes the above discussion, is essentially 
that presented in our earlier paper, though with one or two important modi- 
fications. 

There were also two other categories included in the classification presented in 
the previous study. It may be of interest to mention these briefly, as the reasons 
for their omission will clarify our present ideas on the whole field under con- 
sideration. 

One of these, previously listed as a third form of pulmonary insufficiency, was 
that of combined ventilatory and alveolo-respiratory failure. This is now 
omitted simply because almost every clinical case is an example of both these 
forms of insufficiency. It is uncommon to find a pure ventilatory insufficiency 
and even rarer to find a pure alveolo-respiratory insufficiency. Each form affects 
and is affected by the other. Conversely, it may be emphasized again that our 
classification is not so much for the purpose of separating clinical cases into one 
or another type, as it is to permit the quantitative analysis of any given case into 
the forms of failure which arc present and the degree or relative importance of 
each form in that case. 

The fourth category in the previous classification was that of combined cardio- 
pulmonary insufficiency. This is now omitted not because of its unimportance; 
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it is, in fact, all important. But suck a listing was wholly inadequate. Func- 
tionally , it is obvious that the pulmonary and circulatory apparatus are one unit, 
serving to convey the respiratory gases between tissues and outside environment! 

What is, in fact, really wanted is a fully integrated physiological classification 
of cardio-circulo-pulmonary insufficiency, into which all clinical forms of cardiac, 
circulatory, and pulmonary disease can be fitted. Eventually this must be 
worked out. 

In this present discussion, then, the analysis is to be directed mainly toward 
pulmonary insufficiency as such, and toward the pulmonary aspects of cardio- 
pulmonary insufficiency. The performance of the heart and circulation had to 
be kept in mind at all times, but as the work was actually carried out, methods 
and measurements were not sufficiently complete, nor was the classification 
sufficiently comprehensive, to accomplish a completely integrated cardiopul- 
monary study. Further efforts in this direction are in progress. 

DESCRIPTION OF METHODS 

The three main steps in studying pulmonary function consist in: 

X. The measurement of lung volumes and maxhmim breathing capacity, using 
the spirographic method. 

2. The measurement of (a) residual air volume by an open circuit method, in 
which the nitrogen of the lungs is washed out by continuous inhalation of pure 
oxygen and collected over a period of 7 minutes, and (b) an index of intrapulmo- 
nary mixing by the sampling of alveolar air at the end of this period. 

3. The measurement of ventilation, of respiratory gas exchange in the lungs, 
and of the state of respiratory gases in the arterial blood at rest, during a standard - 
type of exercise, and during a 5 minute period of recovery. 

Two other tests are described, which have occasionally been used in this series: 

4. The separate measurement of vital capacity, ventilation, and respiratory 
gas exchange in each lung, using the bronchospirometric method. 

5. The infusion test, which consists in observing the variations of venous pres- 
sure, vital capacity, and circulation time during the administration of a saline 
infusion of 1500 cc. over a 30 minute period. This test, used routinely early in 
these studies, has been restricted recently to a few selected cases. 

I. Spirographic Measurements of Lung Volumes and Maximum Breathing Capacity 

The spirographic method is used to record directly: (a) the lung volume 
changes during quiet breathing and deep breathing, (b) the maximum breathing 
capacity, and (c) the form of the respiratory tracing. 

A. Measurements. 1. Lung volumes . Although the lung volumes have been 
studied by many observers, it is sometimes difficult to compare their data because 
of the different points of referenceior their measurements and the different terms 
used in their classification (9). ( jThe subdivision. of lung volumes used in this 
series was first proposed by Christie (25) and adopted with a minor change By 
Hurtado and Boiler (26). The resting pulmonary mid-position is the point of 
reference from which all measurements are taken. It is the position to which the 
thorax returns at the end of a quiet expiration: the volume of air contained then 
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in the chest is the sum of the leserve and lesidunl niis, (the functional lesidunl 
air of Lundsgaaid (27), Binger (28, 29), Clnistie (25), and Robinson (30); the 
mid-capacity of Anthony (9), ITurtado et al (2G). 

The residual ail volume remaining in the chest after a maximum expiration is 
the only lung volume which cannot he measured by spitogiaphy. All the other 
lung volume changes measuied from the mid-position ate classified as follows 

(fig- 1): 

a. The tidal aii or the avei age volume of air moved in and out of the chest dur- 
ing bieathing. 

b. The complementary air or the maximum volume of an inspiied fiom the 
resting pulmonary mid-position and including the whole tidal air. 




Tic 1. Srmoc.nAPHic Ilr-conus of Lung Volumes and Maximum Breathing Capacity 
(S en Text for Discussion) 

c. The leserve aii oi the maximum volume of air exhaled fiom the lesting 
pulmonary mid-position. 

d. The vital capacity oi the maximum volume of air that can be exhaled fol- 
lowing a maximum inspnntion. 

e. The combined vital capacity or the sum of the complementaiy and leserve 
aiis. Thi-, i= essentially the same ns the vital capacity in noimal subjects, but 
may be quite different in abnormal states. 

2. Maximum breathing capacity. The maximum bieathing capacity (31) 
(maximum minute x-entilation or maximum voluntary ventilation) is the laigcst 
x’olumc of air that can be moved in and out of the chest in a given peiiod of time 
by voluntary effoit. It is measuied in litem per minute. 

B. Apparatus. The appaiatus used is a modified recotding spiiometer of the 
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closed circuit type, derived from the Benedict Roth apparatus in general use for 
basal metabolism determinations. The main modifications from the standard 
apparatus are the following: 

1 . The spirometer bell is of 9 liters capacitju 

2. The soda lime container and the flutter valves have been removed in order 
to reduce resistance. 

3. Large rubber tubing of one and one half inches inside diameter is used to 
connect the mouthpiece with the apparatus. 

4. A motor-driven kymograph with a speed five times as rapid as the ordinary 
basal metabolism apparatus of the Benedict Roth type (16 cm. horizontal dis- 
placement per minute). 

o. A reduction gear is attached to the pulley over which the spirometer com- 
pensator chain passes. This reduces the excursion of the pen on the kymograph 
drum to about one half the excursion of the spirometer bell. 3 

6. A recording ventilometer is attached to the same pulley. This records the 
inspiratory excursions of the spirometer only, as well as reducing their amplitude 
25 times. The slope of the tracing measures the total ventilation. 

C. Procedure. The procedure is thoroughly explained to the subject before 
he is attached to the apparatus. The spirometer is three quarters filled and its 
temperature recorded. After the mouthpiece has been placed between the lips 
and teeth and the nose clip attached, the kymograph is turned on and a few quiet 
respirations are recorded. The subject is then directed, at the beginning of a 
quiet expiration to exhale, without an initial inspiration, as much air as possible 
from his chest, thus recording the reserve air. This is followed immediately by 
a maximum inspiration and in turn by a maximum expiration. A series of two 
or three maximum expirations and inspirations is recorded in this manner in order 
to determine the vital capacity. The subject is then directed to breathe in and 
out of the spirometer as quickly and deeply as possible for about 15 seconds (see 
fig. 1) . Emphasis is placed upon his attaining the greatest speed possible. It is 
usually necessary to urge and encourage him to a continually increasing effort in 
order to obtain the maximum and most satisfactory result. Occasionally in un- 
cooperative subjects or suspected malingerers, the addition of a small amount of 
carbon dioxide to the oxygen mixture in the spirometer bell will more effectively 
produce hyperventilation than voluntary effort (32). After a short rest period 
the spirometer is refilled with room air and the subject connected again with the 
apparatus. At this time, after a few normal breaths are recorded, he is directed 
at the end of a quiet expiration to inhale as deeply as possible, in order to measure 
the complementary air volume; this measurement is then in turn followed by 
another group of vital capacity and maximum breathing capacity measurements. 
The tracings of the lung volumes are directly measured in centimeters as shown 
in fig. 1. These measurements are then converted to cubic centimeters at 37 C. 
by use of the bell factor and the temperature correction factor. T he maximum 
breathing capacity is similarly calculated in liters per minute at 37 C. 

3 In a recent modification of the apparatus the cross section area of the bell has been 
doubled and fhe reduction gear therefore eliminated. 
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D. Discussion of Method. The major source of error in any measurement of 
the lung volumes and maximum breathing capacity is the failure to obtain the full 
cooperation of the patient. The measurement of the tidal air, after the first few 
breaths, is obviously inaccurate due to the building up of carbon dioxide within 
the Bystem. Since, however, we have other opportunities to measure the tidal 
air (see section II below) it seems justifiable, for the purpose of reducing the re- 
sistance of the system, to remove the soda lime filter from the system, as already 
described above. With regard to the measurement of maximum breathing 
capacity, the inertia of the bell and the slight frictional resistance of the recording 
devices must result in some decrease in the maximum values theoretically ob- 
tainable by the use of a frictionless apparatus. These factors may be considered 
as a more serious error in the measurement of the maximum breathing capacity, 
involving rapid changes in airflow, than in the measurement of the lung volumes. 
The greatest error would be expected in subjects with an unusually large maximum 
breathing capacity (greater than 150 liters per minute) requiring the rapid 
exchange of large volumes of air in a very short period of time. However, 
values up to 230 liters per minute have been directly measured. Comparative 
studies between this method of measurement and another based on the collection 
of expired air in a Douglas bag, using high velocity valves has in normal subjects 
failed to reveal any significant discrepancy. Standard values in normal in- 
dividuals should be, however, determined separately when different types of 
apparatus are used. 

The great advantage of this method of measuring the maximum breathing 
capacity is the permanent recording of the performance. It is, of course, advis- 
able to be alert to causes of obstruction within the system, such as kinking of the 
rubber tubing or the sucking of water from the seal into the in- or outflow pipes. 

In order to cut down on the resistance still further, we have recently been 
using rubber tubing with an inside diameter of one and one half inches instead 
of one inch. A mouthpiece and nose clip are used in preference to a mask because 
no mask has been developed until very recently which will snugly fit differently 
shaped faces during forceful breathing -without some leaking about the edges. 

II. Determination of the Residual Air Volume and of the Index of 
Inirapulmonary Mixing 

The residual air or volume of air contained in the lungs after maximum expira- 
tion is measured by the oxygen dilution method of Darling et al (33, 34, 35). 
The index of intrapulmonary mixing or nitrogen concentration in the alveolar 
air after a 7 minute period of pure oxygen breathing is determined at the same 
time. 

A . Apparatus. The equipment required is as follows : 

1. A special five-way respiratory valve (see fig. 2). By turning the valve 
(Vi), to which the rubber mouthpiece (M) is attached, the subject is connected 
to either one of two circuits. AVhen the valve (Vi) is turned into the main 
circuit, as in the diagram, the subject inhales from a demand valve or a partly 
filled anesthesia bag of 15 liters capacity, connected with a tank (T) containing 
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100 per cent oxygen. The exhaled air flows directly through the flutter valve 
(F 2 ) into the spirometer (Sp). When valve Vi is turned to the side circuit the 
subject inhales and exhales room air from the opening marked room air. For 
sampling of alveolar air, valve V 2 is turned, as it is in the' diagram, to cut off the 
inspiratory arm of the side circuit. The expiratory arm of this circuit consists 
of a flutter valve (F s ) and a very short piece of rubber tubing (R) into which 
is fitted tightly the tip of an evacuated tube for alveolar gas sampling (Sa). 

2. A standard 100 liter Tissot gasometer, to the side of which has been attached 
a long vertical drum that revolves at a constant rate; a pen fastened to the 
counter weight of the spirometer records each expiratory movement on this drum. 


T 



Fig. 2. Schematic Drawing Showing the Disposition of the Two Circuits Used in 
the Determination of Residual Air Volume and the Index of Intrapulmonart 
Mixing (See Text for Description) 

3. Gas sampling tubes. 

B. Procedure. The subject should be in a fasting state. Upon his arrival 
in the laboratory he is made comfortable in the supine position with only a two- 
pillow head and shoulder elevation. The lung volumes are recorded on the 
spirograph and the subject is trained to exhale forcibly upon command and to 
hold his breath in the maximum expiratory position. As soon as the subject 
exhales relatively constant volumes of reserve air he is given a 15 to 20 minute 
rest. During this period the main circuit and gasometer are thoroughly was e 
out with oxygen by six successive fillings and emptyings of the Tissot gasometer, 
using at least 15 to 20 liters of oxygen for each washing. With the gasometer 
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empty, volume and temperature readings are taken and oxygen is allowed to 
flow through the circuit from the tank at about the same rate as the minute 
ventilation of the subject. An evacuated sampling tube is prepared and attached 
to the expiratory tubing of the second circuit. The subject is then attached to 
the mouthpiece with the valve turned to the second circuit so that he is inhaling 
room air. Precisely at the end of a normal expiration, just before the beginning 
of inspiration, the respiratory valve Vi is turned to shift the subject’s breathing 
into the oxygen circuit. The subject then quietly breathes oxygen for a 7 
minute period and all the expired air is collected in the gasometer. During this 
period the seeond circuit is washed out with oxygen and the inspiratory tubing 
of the second circuit is shut off by turning the respiratory valve V. so that an 
uncontaminated alveolar sample can be obtained. At the end of an inspiratory 
phase at the termination of the 7 minute period the valve is turned, and the 
subject is instructed to exhale completely into the side circuit. An alveolar 
sample is taken at the very end of the expiration and the subject is immediately 
disconnected from the apparatus. 

The valve is turned at the peak of inspiration in order to provide a larger 
volume of air for washing out the expiratory arm of the second circuit before 
alveolar sampling. The amount of nitrogen contained in this tidal air is negligi- 
ble, so that its loss from the total expired air in the gasometer will cause no error. 
Finally, the main circuit is flushed out with at least ten liters of oxygen from the 
tank into the gasometer, so as to wash out any nitrogen remaining in the inflow 
tubing of the gasometer. The second volume and temperature readings on the 
gasometer are recorded, and then the inflow as well as the outflow tubing are 
promptly washed thoroughly with air from the gasometer and two samples are 
taken from the gasometer for analysis. 

A 20 to 30 minute room air breathing period is allowed, providing ample time 
for the lung nitrogen concentration to return to the preoxygenation figure. 
Meanwhile, the gasometer and main breathing circuit have again been washed 
out with oxygen from the tank as described previously. A determination of 
functional residual air volume is then repeated. 

The nitrogen content of the alveolar samples and of the two samples taken 
from the collected expired air in the gasometer are determined by the use of the 
VanSlyke-Neill apparatus. The procedure carried out is essentially as de- 
scribed by Peters and VanSlyke (36). 

The calculation oi the Functional Residual Air is made according to the 
following formula (10): 


F.R.A. (dry) = 


(V + PS) (NS - NO) - C 
Alveolar Ha — Alveolar Np 


where F.R.A. (dry) = functional residual air in cc. calculated as dry gas at 
standard temperature and barometric pressure. 

V = volume of dead space under spirometer in ce. corrected 
to diy gas, at standard temperature and barometric 
pressure. 



E. DEF. BALDWIN, A. COTJRNAND AND D. W. RICHARDS, JR. 

~ measure d volume of dead space under spirometer in cc. 
corrected to dry gas, at standard temperature and baro- 
metric pressure. 

= per cent nitrogen in spirometer. 

= per cent nitrogen in oxygen from tank (between 0.0 to 
0.5 per cent). 

= per cent nitrogen in alveolar air at end of oxygen breathing. 
= correction for nitrogen excreted from body during period of 
oxygen breathing, expressed in cc. This factor has been 
found to vary with bodily size according to the linear 
relation C in cc. = [(B. S. X 96.5) + 35] where B. S. 
is the body surface area in square meters (35). 

Alv Na= a constant which represents the average nitrogen percent- 
age in the alveolar air at the beginning of the determina- 
tion and is equal to 81. 

The final figure for functional residual air volume is computed from F. R. A. 
(dry) by correcting for water vapor saturation, as exists (approximately) within 
the lungs: 

F.R.A. = F.R.A. (dry) X BarQmeter P ressUre in % 

Barometer pressure in mm. Hg — 48 

The reserve air measured from the spirographic tracing is then subtracted from 
the functional residual air to obtain the residual air. 

C. Discussion of methods. 1. The accuracy of the residual air volume ob- 
tained by this method is dependent mainly upon the completeness of washing 
out, within the 7 minute period of the test, of the lung spaces by the inspired 
high oxygen. Occasionally nitrogen may not be displaced during the 7 minutes 
of oxygen breathing from areas of the lung with an intermittent or poor bronchial 
communication, as in some air cysts of the lung. Hence in such cases the 
measured residual air volume, i.e., physiological lung volume, will be much lower 
than the anatomical lung volume calculated on the basis of the radiological 
measurements (37). 

The use of the constant 81 per cent for the nitrogen percentage of the alveolar 
air at the beginning of the determination rather than a measured value introduces 
a negligible error. Upon recalculation of data collected from a variety of cases 
(using the 81 per cent constant for the nitrogen per cent in the alveolar air) an 
alteration of less than 50 cc. in the functional residual air value was found in 95 
per cent of an unselected group of 316 determinations (34). 

The most common sources of error in alveolar sampling are: (a) sampling too 
early during expiration, in which case the air collected in the sampling tube is 
dead space rather than alveolar air, or (b) waiting too long in a dyspneic subject 
so that the sample is contaminated by his inhaling room air about the mouth- 
piece. Therefore, it is wise to gauge the best moment of sampling by observing 
from the spirographic tracings the average time taken by the subject to deliver 
his reserve air, as well as his breath holding time. Occasionally a subject may be 
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encountered with such a restricted reserve air that the volume of alveolar air 
may not be great enough to wash out adequately the expiratory tubing. In 
such rare cases the sample of air sucked into the gas sampling tube will be er- 
roneously high in oxygen and worthless. 

III. Measurement of Ventilation and Gas Exchange at Rest, during a 
Standard Exercise Test, and during Recovery 
A series of observations are made during a rest period, a standard exercise 
lasting 1 minute, and the first 5 minutes of the recovery period, consisting in: 
(a) the ventilation, (b) the respiratory gas exchange in the lungs, (c) the state of 
respiratory gases in the arterial blood, including oxygen content, capacity and 
saturation, and carbon dioxide content and tension, and pHs, (d) the pulse 
rate. 

A. Apparatus. The apparatus required includes: 

1. A solid platform 20 cm. high, used for the performance of the exercise 
test. 

2. A 100 to 150 liter Tissot gasometer, to which is attached an electrically 
driven kymograph, with an ink pen attached to the counter weight of the 
spirometer for recording rate and volume of expiration. (This is the same 
gasometer used for the residual air determination.) 

3. A Douglas bag which is interposed through a threeway valve into the inflow 
circuit to the spirometer. 

4. A system of inspiratory and expiratory flutter valves connected through a 
T-tube and a mouthpiece to the patient, and through a 2 to 3 foot length of 
corrugated noneollapsible rubber tubing to the Douglas bag and the Tissot 
spirometer. 

5. Airtight glass syringes, needles, and anti-coagulant solution for blood 
sampling. 

G. Gas sampling tubes. 

B. Procedure. The subject, under standard basal conditions, is brought to 
the laboratory and made comfortable on the bed. Following a 15 to 20 minute 
rest period, the Douglas bag is evacuated and the respiratory valve turned so 
as to cut it out of the circuit; the spirometer is washed out twice by 10 to 15 
liters of expired air. After a 10 minute rest period, during which time the 
volume and temperatuie readings of the empty gasometer are taken, the patient 
is attached to the mouthpiece and instructed to breathe quietly and easily. 
The motor of the kymograph is started, the inflow valve to the gasometer opened, 
the expiratory air collected for a period of 3 to 6 minutes, and the pulse rate 
determined. At the end of this period the inflow' valve is turned off, the patient 
disconnected from the apparatus and the final volume and temperature readings 
of the gasometer recorded. Gas samples are taken, and the resting metabolism 
measurement is thus completed. After another short period of rest the procedure 
is repeated. The subject is next instructed to stand up in front of the platform, 
the mouthpiece and nose clip are attached, the flutter valve casings being held 
by his hand. Upon command he starts to step up on the platform, the right 
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foot first, followed by the left, and down again in the same order at the rate of 30 
such cycles in 1 minute. At the beginning of the exercise period the three-way 
valve is turned so as to collect the expired air in the Douglas bag. At the end of 
exactly 1 minute, following the 30th cycle, the subject is directed to lie on the 
bed without removing the mouthpiece; the three-way valve is turned so that the 
expired air for the next 5 minutes of recoveiy is collected in the gasometer, the 
> ra f e an d volume of ventilation being recorded upon the kymograph. In addition, 
the pulse rate is recorded during each of the 5 minutes of recovery. The patient 
is repeatedly questioned during the recovery period in an attempt to determine 
exactly the duration of dyspnea, when it is present. At the end of the 5 minute 
recovery period, the subject is disconnected from the apparatus. 

The ventilation during each minute of rest and recovery is calculated in liters 
per minute, saturated gas at 37° C. and prevailing barometric pressure, by cor- 
recting the corresponding recorded volume by the proper temperature, baromet- 
ric and bell factors. The average tidal air is then calculated by dividing the 
total volume of ventilation by the number of respirations. The ventilation, 
during the period of exercise, is measured by evacuation of the air collected 
in the Douglas bag into the gasometer and calculating as described above. 

Samples of expired air from the three periods of observation are collected in 
gas sampling tubes from the gasometer and Douglas bag for analysis in duplicate 
of their carbon dioxide and oxygen content by means of a Haldane apparatus. 
The air within the Douglas bag is sampled immediately, but that within the 
gasometer is allowed to stand for at least 5 minutes to allow for proper mixing. 
.The duplicate samples are always taken from two levels of the gasometer. The 
oxygen consumption and carbon dioxide output are then calculated for the 
three periods of observation in cc./min. and cc./min./sq. m. B.S. The rate of 
oxygen removed is calculated as the difference between the inspired and expired 
air oxygen concentrations, and is expressed in cc./liter of ventilation. In order 
to account for the excess of inspired air volume over expired air volume, the 
virtual inspired air oxygen concentration is as follows : 

_ „ „„ 100 - (Exp. C0 2 + Exp. 0 2 ) 

Inspired oxygen % = 20.93 X 100 - (Insp. C0 2 + lnsp.1%) 

Arterial blood is obtained at rest and within the first minute of recoveiy by 
the puncture of a brachial or femoral artery (36). A careful local anesthesia, 
using 1 per cent procaine, a sharp short beveled needle and firm pressure at the 
site of the puncture for 3 to 5 minutes following the withdrawal of the needle 
makes this a painless, as well as a harmless procedure. An alternative technique 
developed more recently consists of inserting a specially designed indwe g 
needle into the brachial artery before the first measurement of ventilation at 
rest (38). It is then left in place for the remainder of the study, the arm being 
kept straight with an armboard. This permits repeated withdrawal of oo 

without pain or difficulty. , 

The resting arterial blood is obtained after a 20 minute rest period before the 
basal metabolic determination. Care must be taken especially under con ltions 
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of rest to avoid disturbance of the ventilatory rhythm. During most of the 
studies to be reported below, the blood was withdrawn and transferred under oil 
to chilled bottles containing a mixture of dried sodium fluoride and neutral 
potassium oxalate (39). More recently, the blood has been collected using a 
more efficient and simpler technique described by Riley (38). Dry syringes are 
prepared by introducing a small globule of mercury and slx drops of heparin and 
fluoride solution prepared as follows: GOO mg. of-sodium fluoride, and 100 mg. of 
dried heparin in 15 cc. of 0.85 per cent sodium chloride solution. The sides of 
the syringe are moistened with this solution and the excess expelled through the 
aperture of the syringe. The amount of solution left is too small- to dilute 
significantly the blood sample. Care is taken so that the drop of mercury 
used to mix the blood after sampling remains in the space between the rim of the 
plunger and the barrel. Following the sampling, the needle is disconnected 
from the tip of the syringe, the opening of which is immediately occluded by a 
toothpick before it is gently shaken; the mercury serving to keep the sample 
thoroughly mixed. Blood is transferred under pressure from the syringe to 1 
ml. Ostwald-VanSlyke pipettes by way of a small ( ft 25) gauge needle inserted 
into the tip of the pipette. A small piece of rubber pierced by the needle makes 
possible an airtight seal. The carbon dioxide and oxygen contents and oxygen 
capacity determinations are done in duplicate on a VanSlyke-Neill apparatus. 
In the earlier studies the carbon dioxide tension was read from the carbon dioxide 
dissociation curve determined with the patient’s own blood (39), and the pHs 
calculated from the line charts of VanSlyke and Sendroy (40). More recently 
the pHs of the whole blood has been directly measured by means of a modified 
form of the Maclnnes and Belcher glass electrode which permits transfer of 
blood from a pipette without contact with air. The pCO- is then calculated 
from the line charts of VanSlyke and Sendroy. 

C. Discussion of the method. This test can be called standard in that each 
subject performs a standard number of steps within 1 minute of time. In con- 
trast to bicycle exercise the task is proportional to the size of the individual. 
In this respect the test resembles that of treadmill exercise; but compared to 
treadmill exercise it has the following disadvantages: (a) the effort expended 
during its performance will vary according to the subject’s degree of cooperation, 
(b) the duration of the exercise is far too short to permit the development of a 
steady state, (c) likewise the duration of the recovery period is too short for the 
measurement of the oxygen debt, and (d) finally the exercise itself is so mild that 
it taxes only the obviously handicapped subject, and therefore cannot be ex- 
pected to demonstrate incipient cardiopulmonary disability. On the other 
hand, the mild and accustomed nature of the exercise, its short duration, and the 
ease of performance makes it a suitable test for the hospitalized or severely 
compromised subjects, who rarely nre unable to complete it. It has, finally, 
the advantage of simplicity of equipment and of execution. It differs from the 
step tests of Nylin (41) and Master (42, 43) mainly in that (a) the measurements 
are taken during the exercise as well ns during the recovery period and (b) the 
data obtained are more comprehensive. Furthermore, the exact determination 
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of the oxygen consumption from the analysis of the expired air, rather than from 
the slope of spirographic tracings eli mi nates errors due to changes of respiratory 
mid-position and arterial anoxia, which are not unusually encountered in sub- 
jects with chronic pulmonaiy disease. 



Fig. 3. Schematic Drawing Illustrating the Flexible Double Airway Rubber Tube 
Used for Bronchospirometry (See Text for Description; 

IV. Bronchospirometry 

This method devised by Jacobaeus, Frenckner, and Bjoerkman (44) for the 
separate measurement of ventilation, gas exchange, and vital capacity of eac 
lung has been used in the studies of a few cases in this series. 

A . Apparatus. 1 . A flexible double air-way tube made of rubber, a schematic 
representation of which can be seen in figure 3. The substitution of this tut e 
by Gebauer and by Zavod (45) for the originally used rigid metallic double air- 
way bronchoscope has introduced a great simplification in this metho 
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2. Two standard type basal metabolism apparatus for measuring the vital 
capacity, the ventilation, and the oxygen intake of each lung separately. 

3. A double open circuit system with two collecting bags, proper valve ar- 
rangements, and small dead space may bo used in place of the basal metabolism 
apparatus for measurement of ventilation, oxygen intake, and carbon dioxide 
output. 

B. Procedure. A detailed description of the procedure used for the introduc- 
tion of the tube and of the equipment employed for the graphic recording of 
lung volumes, ventilation, and oxygen intake may be found elsewhere (45, 46, 
47, 48). Some emphasis should be given to the following details: (a) Before 
introduction of the tube, the subject should receive adequate doses of sedatives 
and atropine, (b) Local anesthesia of the pharynx andlarynx should be perfect, 
and obtained preferably by application of a 5 per cent cocaine and 1 per cent 
pontocaine solution, freshly prepared, with a special brush rather than by spray- 
ing, in order to avoid the unnecessary swallowing of anesthetic solution, (c) 
A few cc. of solution, in fractionated doses, should be introduced through the 
larynx after the gag reflex is no more present, and by proper position made to 
run into the trachea and left main bronchus. The tip of the tube, properly 
curved, may be introduced through the larynx without any guide while the 
patient holds his tongue out as far as possible. 

C. Discussion of method. The most important step in obtaining reliable 
results is to place the tip between the trachea and the opening of the left upper 
lobe bronchus in such a fashion that, once the cuff near the tip is inflated, it 
neither obstructs the upper bronchus nor impinges upon the tracheal carinn. A 
sudden change in the patient’s respiration, the disappearance of breath sounds 
over the area of the upper lobe bronchus, or the development of a localized wheeze 
are indications of obstruction of a major bronchus and of improper placement of 
the tube. After inflation of both cuffs, a recording of vital capacity and ventila- 
tion from each lung, using two separate basal metabolism apparatuses, is re- 
quired in order to ascertain that the tube is well placed, and that there is no 
leak in the system, especially no abnormal communication between the right 
and left main bronchi, which are assumed to be separated. Obstruction of a 
major bronchus is shown by the demonstration of an unusually large difference 
between the vital capacity measured before bronchospirometry and the sum of 
the vital capacity of each lung measured separately. It is suspected when the 
contribution of each lung in the measurement of vital capacity and ventilation 
deviates too much from the rough estimation made before bronchospirometry 
on the basis of a careful fluoroscopic study. Abnormal communication between 
the two separate main bronchi is obvious when one of the ventilatory tracings 
shows a sharp upward slope, and the other has a downward slope. It is, how- 
ever, sometimes quite difficult to decide, in the presence of a ventilatory tracing, 
the slope of which is neither downward nor upward but nearly horizontal, 
whether the finding is genuine. It can be said in general that whereas a good 

P anesthesia is only a question of care, the reliability of the test, depending upon 
the proper location of the inflated cuffs, for the separation of both right and left 
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of the oxygen consumption from the analysis of the expired air, rather than from 
the slope of spirographic tracings eliminates errors due to changes of respiratory 
mid-position and arterial anoxia, which are not unusually encountered in sub- 
jects with chronic pulmonary disease. 



Fig. 3. Schematic Drawing Illustrating the Flexible Double Airway Rubber Tube 
Used for Bronchospirometrt (See Text for Description) 

IV. Bronchospirometry 

This method devised by Jacobaeus, Frenckner, and Bjoerkman (44) for the 
separate measurement of ventilation, gas exchange, and vital capacity of each 
lung has been used in the studies of a few cases in this series. 

A. Apparatus. 1. A flexible double air-way tube made of rubber, a schematic 

representation of which can be seen in figure 3. The substitution of this tube 
by Gebauer and by Zavod (45) for the originally used rigid metallic double air- 
way bronchoscope has introduced a great simplification in this method. 
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2. Two standard type basal metabolism apparatus for measuring the vital 
capacity, the ventilation, and the oxygen intake of each lung separately. 

3. A double open circuit system with two collecting bags, proper valve ar- 
rangements, and small dead space may be used in place of the basal metabolism 
apparatus for measurement of ventilation, oxygen intake, and carbon dioxide 
output. 

B. Procedure. A detailed description of the procedure used for the introduc- 
tion of the tube and of the equipment employed for the graphic recording of 
lung volumes, ventilation, and oxygen intake may be found elsewhere (45, 46, 
47, 48). Some emphasis should be given to the following details: (a) Before 
introduction of the tube, the subject should receive adequate doses of sedatives 
and atropine, (b) Local anesthesia of the pharynx andlarynx should be perfect, 
and obtained preferably by application of a 5 per cent cocaine and 1 per cent 
pontocaine solution, freshly prepared, with a special brush lather than by spray- 
ing, in order to avoid the unnecessary swallowing of anesthetic solution, (c) 
A few cc. of solution, in fractionated doses, should be introduced through the 
larynx after the gag reflex is no more present, and by proper position made to 
run into the trachea and left main bronchus. The tip of the tube, properly 
curved, may bo introduced through the larynx without any guide while the 
patient holds his tongue out as far as possible. 

C. Discussion of melhod. The most important step in obtaining reliable 
results is to place the tip between the trachea and the opening of the left upper 
lobe bronchus in such a fashion that, once the cuff near the tip is inflated, it 
neither obstructs the upper bronchus nor impinges upon the tracheal carina. A 
sudden change in the patient’s respiration, the disappearance of breath sounds 
over the area of the upper lobe bronchus, or the development of a localized wheeze 
are indications of obstruction of a major bronchus and of improper placement of 
the tube. After inflation of both cuffs, a recording of vital capacity and ventila- 
tion from each lung, using two separate basal metabolism apparatuses, is re- 
quired in order to ascertain that the tube is well placed, and that there is no 
leak in the system, especially no abnormal communication between the right 
and left main bronchi, which are assumed to be separated. Obstruction of a 
major bronchus is shown by the demonstration of an unusually large difference 
between the vital capacity measured before bronchospiromctry and the sum of 
the vital capacity of each lung measured separately. It is suspected when the 
contribution of each lung in the measurement of vital capacity and ventilation 
deviates too much from the rough estimation made before bronchospirometry 
on the basis of a careful fluoroscopic study. Abnormal communication between 
the two separate main bronchi is obvious when one of the ventilatory tracings 
shows a sharp upward slope, and the other has a downward slope. It is, how- 
ever, sometimes quite difficult to decide, in the presence of a ventilatory tracing, 
the slope of which is neither downward nor upward but nearly horizontal, 
whether the finding is genuine. It can be said in general that whereas a good 
anesthesia is only a question of care, the reliability of the test, depending upon 
the proper location of the inflated cuffs, for the separation of both right and left 



260 


e. def. Baldwin, a. cournand and d, w. Richards, jr. 

air-ways, with maintenance of their patency, is dependent upon the mastery of 
small details that can only be acquired by experience. 

V. The Caughey Infusion Test 

This test consists in the measurement of the venous pressure, the vital capacity, 
the pulse rate, the arterial blood pressure , and the circulation time before, 5 
during, and after the intravenous infusion of 1500 cc. of saline in 30 minutes 
time (49, 50). 

A. Apparatus . 1 . A standard infusion set including a large gauge (#17) 
needle and three-way stopcock. 

2. A venous pressure apparatus of the water manometer type. 

3. The spirometer described above or a standard basal metabolism machine. 

4. Calcium gluconate, decholin, or sodium cyanide for circulation time de- 
termination. 

B. Procedure. The subject is made comfortable in the recumbent position. 
After a short period of rest the venous pressure apparatus is adjusted so that the 
zero point corresponds to 5 cm. below the angle of Louis (51). The vital ca- 
pacity, blood pressure, and pulse are measured. The needle is then inserted 
into a convenient antecubital vein and the venous pressure measured through 
the side arm of the three-way stopcock. As soon as the venous pressure be- 
comes constant, the circulation time, arm to tongue, or arm to carotid sinus is 
obtained and the intravenous infusion is started at a rate of about 50 cc. per 
minute. For the next 30 minutes the venous pressure and pulse are followed 
about every 3 minutes and the vital capacity is measured once or twice. It 
is obvious that caution must be observed in performing this test upon any patient 
with diminished cardiac reserve. If there should be a significant rise in the 
venous pressure, drop in the vital capacity, or development of cough the infusion 
is immediately stopped. Otherwise the full 1500 cc. is run iu by the end of 30 
minutes, at which time the circulation time is repeated, the venous pressure ob- 
served for about 10 minutes and a final vital capacity recorded. 


MEASUREMENTS IN NORMAL SUBJECTS AND INTERPRETATION OP RESULTS 


Data have been assembled in 3 groups of “normal” subjects using the tests 
described in this paper and statistics have been calculated. 

A. In a first group consisting of 52 males and 40 females known to be free 
clinically from pulmonary and cardiocirculatory disease the following measure- 
ments were carried out: lung volumes with the exception of residual air, maximum 
breathing capacity, and ventilation and pulmonary gas exchange at rest, during 
the test exercise, and during recovery. The statistics were calculated for males 
and females separately and are presented in tables 1 and 2, arranged in 3 columns 
according to age: (1) from 16 to 34 years, (2) from 35 to 49 years, and (3) from 50 
years on. Formulae for the prediction of vital capacity and maximum breath- 
ing capacity were calculated on the basis of the data collected in this group 
(table 3). For the prediction of the total capacity use was made of figures for 


the ratio 


Vital Capacity x 10Q ca i cu ] a ted by ICaltreider (52) on the basis of a 
Total Capacity 



Measurements in a Control Group of SB Male Hospital Patients without Clinical or X-ray Evidence of Pulmonary or Cardiac Disease Arranged 

in Groups According to Age 
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A. Physical characteristics 

Ago years 

Height cm 

Weight kg 

B.S, area sq.M 

B. Vital capacity supine in cc 

C. Standing maximum breath- 
ingcapacityL/min 

D. Ventilation L/min./sq. M 
B.S. 

Basal 

1 min. standard exercise. . . . 

1st. min. recovery 

2nd. min. recovery 

5th. min. recovery 

E. Oxygen consumption cc/min./ 
sq.M B.S. 

Basal 

1 min. standard exercise 

5 min. recovery 

F. Oxygen removal cc/L ventil. 

Basal 

1 min. standard exercise 
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A. Physical Characteristics 
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Height cm 

Weight kg 
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B. Vital capacity supine in cc.. . . 

C. Standing maximum breathing 
capacity L/min 

D. Ventilation L/min./sq. M 
B.S. 

Basal 

1 min. standard exercise 
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2nd. min. recovery 
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study of 150 normal male and female subjects. In this ratio the total capacity 
was equal to the sum of separately measured vital capacity and residual air. Al- 
though the Christie method used in Kaltreider’s series for the measurement of 
residual air is different from the method used in our studies, application of his 
ratios to our figures of vital capacity would seem valid, in view of the demonstra- 


TABLE 3 


Formulae for the Prediction of Lung Volumes and Ufaximum Breathing Capacity 



CEOtJP I, 1 

ACE 16-34 YE AES 

GBOTTP II, 

ACE 35-49 YEASS 1 

ckoop nr, 

ACE 50-69 YEAES 

1. Total capacity (supine) 

Males and females 

Vital capacity ^ 

60.0 A 

Vital capacity ^ 

76.0 

Vital capacity ^ 

69.2 * 

„ ,, Residual air . . I(V , 

2. Ratio • — - X 100 

Total capacity 
(supine) 

' 

20.0 

23.4 

30.8 




3. Vital capacity (supine), in cc. 

Moles... 

Females 


4. Maximum breathing capacity 
(standing), lit./min. 

Males 

Females 


127,63— (0.112 X age in yrs.)] X height in cm. 
(21.78— (0.101 X age in yre.)l X height in cm. 



(86.5- (0.522 X age in yrs.)] X m* B.S. 
[71.3- (0.474 X ago In yrs.)] X m* B.S. 



TABLE 4 


Arterial Blood Studies in a Control Group of IB Hospital Patients without Pulmonary 
or Cardio-circulatory Disease 



UEAH 

BA). 

1. At rest 

Oxygen saturation (per cent) ! 

90.2 

±1.2 

Carbon dioxide content (volumes per cent) 

52.0 

±2.4 

Carbon dioxide tension (min. Hg) 

43.7 

±3.5 

CaTbon dioxide content at 40 mm. Hg (volumes per cent). . . 

50. G 

±2.3 


7.43 

±0.02 

2. During first minute of recovery 

Oxygen saturation (per cent). 

95. S 


Carbon dioxide content (volumes per cent) 

47.8 

±2.3 

Caibon dioxide tension (mm. Hg) 

43.0 

' ±2.4 • 

Carbon dioxide content at 40 mm. Hg (volumes per cent). . . 

4G;6 

±1.9 

pH, at 38° C 

7.40 




tion previously made that in normal subjects both methods of residual air deter- 
mination give approximately comparable results (33). 

B. In 15 additional normal subjects, the state of the respiratory gases in the 
arterial blood was studied at rest and following the test exercise. The statistics 
arc presented in table 4. 
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G. In. a group of 39 hospitalized subjects without pulmonary or eardio- 
circulatoiy disease (Caughey, unpublished data) the effects of the infusion 
test were studied. The statistics were calculated and appear in table 5. 

_ The tabulated data and the formulae for prediction of normal values will be 
discussed for each set of measurements, and compared to similar^ data to be 
found in the literature. The basis for a physiological interpretation of any 
significant departure from normal values will also be considered. 

I. Lung Volumes 

A. Vital capacity. It has long been known that the vital capacity is cor- 
related to a variable degree with a number of physical characteristics. The 
results of such a study, in both groups of males and females, are presented in 
table 6. The decrease of the vital capacity with increasing age, its increase 
with increasing height and its lack of correlation with weight confirm the observa- 
tions made by others (9, 30, 52). A positive correlation between the vital 

TABLE 5 


Infusion Test Data in a Control Group of S9 Hospital Patients without Pulmonary or 

Cardio-circulalory Disease 


s' 

WEAK 

S.D. 

1. Fen ows Pressure (mm. Hg) 



Before infusion 

69.4 

±23.0 

After infusion 

78.0 

±37.0 

2. Circulation Time (in seconds) 



Before infusion . 

14.5 

±4.0 

After infusion _ _ . 

13.8 

±3.2 

3. Vital Capacity (per cent decrease after infusion) 

4.7 

±3.8 


capacity and the body surface area confirms West’s early work (53). In table 
7 the mean values and range of vital capacity and reserve air measurements 
made in our group of male subjects are compared according to age with the 
data published separately by Kaltreider et al (52) and by Robinson (30) in 
groups of male subjects of similar ages. On the whole the mean values for the 
vital capacity in our group tend to be considerably lower. However, a com- 
parison of the physical characteristics of the various male groups indicates that 
on the average the male subjects of our group were at comparable age, shorter 
and lighter than the male subjects in Kaltreider and in Robinson series. This 
factor probably explains the discrepancy. In contrast it can be seen from table 
S that in Kaltreider ’s as well as in our own young female group the physical 
characteristics were similar, and that the mean figures for vital capacity com- 
pared remarkably well. 

Since all observers agree that the vital capacity decreases progressively and 
significantly with age, any formulae for its prediction should be based upon age. 
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as well as sex and height. The regression formulae in table 3 were therefore 
calculated with {ill variables. In spite of the large standard error, respectively 
±0.038 and ±0.028 in the male and the female groups, these formulae appear as 
an improvement over those based upon height alone, especially in the older age 
groups. Because they are based upon observations made on a relatively short 
and light group of hospital patients, the vital capacities of healthy young sub- 


TABLE6 


Various Correlations between (a) Vital Capacity and Maximum Breathing Capacity and 
(6) Physical Characteristics in a Group of 52 Male and a Group of 40 Female Subjects 


R 


MALES 


z 


FEMALES 

V~ R | Z | P 


Correlation of Standing Vital Capacity with 


Age 

-0.432 

-0.460 


-0.589 


<0.0004 

Height 


+0.526 

0.0004 


+0.550 

0.002 

Weight 

+0.227 

+0.230 


E. •. ". . » 

— 

— 

Body Surface 

+0.436 

+0.470 

0.002 


+0.265 

>0.05 


Correlation of Supine Vital Capacity per centimeter of height with 


-0.428 

-0.455 

0.003 

-0.505 | -0.56 


Correlation of Supine Vital Capacity per square motor of body surface with 


Ago 

-0.408 

-0.42 

0.005 

-0.641 

-0.76 

<0.0004 

Correlation of Standing Maximum Breathing Capacity with 

Age 

Height 

Weight 

Body Surface 

Vital Capacity 

| 

-0.720 

+0.427 

+0.277 

+0.381 

+1.05 

<0.0004 

0.005 

>0.05 

0.01 

<0.0004 

-0.535 

+0.460 

+0.0S9 

+0.238 

+0.818 

-0.600 

+0.49 

+1.150 

0.0004 

0.002 

>0.05 

<0.0004 

Correlation of Standing Maximum Breathing Capacity per sq.m, of B.S. with 

Ago 

-0.627 

-0.740 

<0.0004 

-0.652 

-0.780 

<0.0004 

Correlation of Standing Maximum Breathing Capacity per cm. of height with 

Age 




-0.513 

-0.570 

0.001 


jects in good muscular training predicted by these formulae might well be er- 
roneously low. The formulae were, therefore, tested by calculating the predicted 
vital capacities for the various groups 'of Kaltreider and Robinson, which con- 
sisted largely of healthy subjects in good training. As may be seen in table 6, 
the observed values are somewhat larger than the predicted values but the dif- 
ferences were well below 20 per cent in all 10 groups and below 10 per cent in 8 
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TABLE 7 

A Comparison of Measurements of Lung Volumes in Various Groups of “Normal” 
Male Subjects 


AGE 

GROUP 

AGE IN 
YEARS 

- AUTHORS 

NO. 

OR 

VITAE CAPACITY 

% 

_ TOT. 

RESERVE AIR 

% 

— 



CASES 

Mean 

S.D. 

Range 

CAP. 

Mean 

S.D. 

Range 

CAP. 





liters 

liters 

liters 


liters 

liters 

liters 


i 

15-35 

mean 25.5 

Richards, et al. 

17 

4.01 

A 0.62 

2.79-4.95 


o.ss 

±0.20 

0.52-1.46 

20.6 


18-30 
mean 23.0 

Kaltreider, et al. 

50 

4.78 

±0.59 

3.40-5.85 

80.2 

0.98 

±0.20 

0.26-1.58 

20.6 


16-19 
mean 17.5 

Robinson 

12 

| 

4.95 


4.12-5.98 

79.1 

1.18 


0.89-1.54 

24.0 


20-29 

Robinson 

ii 

5.25 


4.20-6.03 

76.3 

1.39 


0.95-1.83 

26.4 


mean 24.0 

■ 








2 

35-49 1 

Richards, et al. 

15 

4.29 


3.42-5.30 




0.41-1.60 

21.4 









! 




Kaltreider, et al. 

34 

4.12 



76.6 



! 

16.7 


31-38 | 

Robinson 

11 

4.76 


3.83-G.49 

74.8 




! 20.6 



Robinson 

10 

4.28 


3.76-5.16 

74.6 

0.69 

' 

0.23-1.20 

: 

l&.l 

3 

50-00 

Richards, et al. 

12 

3.65 

±0.93 

2.21-5.43 


0.73 

±0.27 

0.36-1.25 

20.0 


mean 55.8 












50-60 

Kaltreider, et al. 

10 

4.18 



74.5 

0.84 



20.3 


48-55 

Robinson 

8 

4.16 


3.60-5.52 

71.4 

O.SS 


0.00-1.6 l 

20.0 


mean 51.5 
60-09 
mean 65.4 

Richards, ct al. 

1 

3.27 

±0.60 

2.42-4.07 


0.72 

±0.27 

0. 30-0.99 

22.0 


60-76 

Kaltreider, et al. 


3.43 



68. 5 




14.0 


59-66 

Robinson 

I S 

4.05 


e M a 

I'wfl 

rjJRfl 


0.38-1.19 

10.S 


mean 62.0 


Pi 










71-91 

Robinson 

1 3 

3.20 


msm 

62.2 



0.18-0.87 

14.7 


mean 76.8 


■ 




1 

1 





TABLE 8 

A Comparison of Measurements of Lung Volumes in Various Groups of “ Normal ” 

Female Subjects 


AGE 
GROUP | 

AGE IN 
YEARS 

AUTHORS 

NO, 

OP 

CASES 

VITAL CAPACITY 

% ' 

TOT. ! 
CAP. j 

RESERVE AIR 

% 

vrr. 

CAP. 

Mean 

S.D. 

Range 

Mean 

S.D. 

Range 

I 




liters 

liters 

liters 


liters 

liters 

liters 


r 

16-35 

Richards, et al. 

17 

3.05 

±0.55 

2.31-4.15 


0.64 

±0.02 

0.18-1.05 

20.4 


mean 25.1 








• 


■ 


18-34 

Kaltreider, et al. 

| so 

3.14 

±0.41 

" 2.28-3.95 

74.1 

0.73 

±0.19 

0.2S-1.42 

22.9 


mean 23.1 



1 





1 



2 

35-50 

; Ricbard3, ct al. 

10 

2.83 

±0.38 

2.21-3.44 

m 


±0.10 

0.28-0,78 

- 17.0 

3 

50-60 

Richards, et al. 

8 

2.70 

±0.53 

2.20-3.52 

■ 

Hi 

±0.18 

0.22-0.66 

EH 


60-79 

Richards, et al. 

5 

2.43 


1.57-2.72 

■ 

B 


0.05-0.45 

m 


of tlie groups. Since our observations indicate that the vital capacity in the 
female group decreased with age to about the same degree as that of the male 
group, it would seem justified, in the absence of data in the literature to be com- 
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pared with predicted values, to assume that the proposed formula would probably 
hojd'true. 

A-'ln addition of the lung volumes themselves, analysis of the pattern of the 
respiratoiy tracing from which the volumes are measured gives valuable in- 
formation. In normal individuals the rapid and unimpeded flow of air in and 
out of the chest is demonstrated by the almost perpendicular dope of the inspira- 


TADLE D 

Comparison between Observed Values and Predicted Values of Lung Volumes Measured 
in Various Groups of Normal Subjects 


WEAK VITAL CAPACITY WEAN TOTAL CAPACITY 


7,5 Medical students 
5 6 Hospital “normals” 
0.2 Nurses 




7.8 School and college students 
17.6 College students 
14.2 Faculty membera 
8.5 Faculty members 

17.1 Faculty members 

8.1 Faculty members 
18.0 Faculty members 


• Formulae /or Prediction veTe: 

Vital Capacity in Males cc « I27.C3— {0.112 X age)] X Ht. cm. 
Vital Capacity in Females cc. - {21.78 — (0.101 X age)] X Dt. cm. 


Between 15-34 jears of age ■* ^ x 100 

Between 35-49 years of age =» ^ ta ^f apac ^ ty X 100 
76 6 

Above 50 years of age X 100 


tory and expiratory tracing, save for a small portion at ma ximum inspiration 
and expiration where the flow is reduced progressively. In addition the tracings 
return as a rule to the same resting position on successive performances. When 
restriction in the lung volume is due to ineffective and uncoordinated respiratoiy 
chest movements, loss of elasticity of the lung or partial obstruction to the move- 
ment of air in any phase of respiration, it will result in slowing of the flow of air 
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this figure was exceeded in only one determination (34). A nitrogen percentage 
greater than 2.5 may therefore definitely be considered abnormal and indicative 
of inadequate ventilation of some areas of lung. It must be recognized, that 
in hyperpneic subjects, defects of intrapul monary mixing may well be missed 
at the end of the '7 minute period. 


IV. Ventilation and Breathing Reserve at Rest, during and after the 

Standard Exercise 

As seen in table 1 and table 2, the mean figures of ventilation in the male and 
female groups, arranged according to age, were remarkably constant for a given 
state of physical activity, but the range of variation of the observations was 
wide. There was a slightly greater tendency for the ventilation to be main- 
tained at the higher level in the older age groups than in the younger during 
the early period of recovery following exercise. 

Calculation of the breathing reserve at rest in both male and female groups 
shows that it varies between 95 and 91 per cent of the ma ximum breathing 
capacity up to the fifth decade. In the older age group one occasionally encoun- 
ters a breathing reserve at rest of 90 to 88 per cent of the maximum breathing 
capacity. During the first minute of recovery it is more variable, ranging from 
88 to 70 per cent in the younger and between 75 to 45 per cent in the older age 
groups. 

Hyperventilation during any or all of the periods of observations is the most 
common pathological finding. It may be due to reflex, chemical or central 
nervous system stimulation, acting upon the respiratory centers: (a) Abnormal 
reflex stimulation may originate in the lungs, (stretch reflexes of the Hering- 
Breuer type), in the wall of the large veins, right auricle and ventricle (mediated 
through pressor-sensitive neuro-muscular elements), in the muscles or joints of 
the chest bellows, or in the muscles and joints of the limbs, (b) Abnormal 
chemical stimulation may result from increased pC 02 or a state of acidosis in 
the arterial blood affecting directly the main respiratory center, or a state of 
anoxia in the arterial blood affecting indirectly the main center by stimulation 
of the carotid body, (c) Abnormal stimulation from the higher centers are 
related to emotional factors or organic lesions. 

Occasionally the ventilation is greatly reduced during the performance of the 
exercise test, in normal subjects. These cases must be distinguished from others 
who are unable to ventilate properly because of fixation of the respiratory muscles 
during the performance of exercise (4). In both instances the ventilation is 
large during the recovery period. The state of hypoventilation may sometimes 
persist during the early part of recovery in patients with an inadequate maximum 
breathing capacity. However, persistent hypoventilation during exercise and - 
early recovery is also one of the most important evidences of inadequate response 
of the respiratory centers to the stimulus of a higher arterial pCCh (me u ary 
centers) or a low arterial pCh (carotid body). 
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V. Respiratory Gas Exchange at Rest, during and after the Standard Exercise 

A. Carbon dioxide output. The data in our control studies confirm the well 
known parallelism between C0 2 output and ventilation. They need no further 
emphasis. 

B. Oxygen consumption. As seen in table 1 and 2 the mean minute oxygen 
consumption per square meter of body surface agrees with the standard basal 
metabolic figures in all but the youngest female group, in which it is lower. In 
confirmation of the work of Robinson, a significant negative correlation can be 
demonstrated in the male group between age and the resting oxygen consump- 
tion: r = —0.478 (p = 0.004). It is of interest that the figure for the mean 
oxygen consumption per square meter of body surface during the minute of 
standard exercise is practically identical for all 6 groups, indicating the same 
expenditure of energy per unit of body size. This finding adds to the validity 
of this type of exercise test. It will be seen also that the figures of mean oxygen 
consumption per square meter of body surface area during the 5 minutes of re- 
covery are, for males and females, in close agreement. However, the range of 
variation of these figures is so large that the significance of differences between 
normal and pathological cases may prove to bo of doubtful statistical value. 
Physiological consideration concerning variations in these figures of total oxygen 
consumption during the 5 minutes of recovery, which may be used to calculate 
the partial oxygen debt, in a manner somewhat similar to Nylin’s (41) would 
therefore appear to bo devoid of a sound statistical basis. 

In normal subjects with an adequate total ventilation, and efficient alveolar 
ventilation, and a normal arterial oxygen saturation, the increase in oxygen con- 
sumption from rest to exercise is related to (a) an increase of pulmonary blood 
flow and (b) a reduction in the oxygen content of the venous blood returning to 
the right heart due to greater tissue oxygen demands. The maximum breathing 
capacity is so large that ventilation is never a limiting factor even during the 
most severe type of exercise. In subjects with pulmonary disease a correct 
interpretation of the changes in oxygen consumption involves more than con- 
siderations limited to tissue metabolism and circulatory response to exercise, 
especially when the picture is complicated by actual anoxia. Such additional 
factors include (a) limitation of the ventilatory volume due to low maximum 
breathing capacity, (b) inadequate distribution of inspired air, with the resulting 
irregular alveolar ventilation, and (c) an abnormally high diffusion gradient 
across the alveolar capillary membrane. 

C. Rate of oxygen removal. The rates of oxygen removal during rest and the 
standard exercise are tabulated in table 10, together with figures calculated from 
observations made by other authors. On the whole, the values at rest check 
■with those of Robinson remarkably well; although the decrease of the rate of 
oxygen removal in the middle age group is more striking in liis data than in ours. 

Tiie values observed during our typo of exercise should not bo compared too 
closely with the values reported in other studies where a steady state was ob- 
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blood of normal subjects remains relatively constant at rest (table 3) . Following 
the standard exercise test, the arterial blood of the normal subject usually shows 
a perceptible drop of carbon dioxide content but little change in the pCOo and 
only a slight decrease in pHs. 

Sometimes variations may occur in normal subjects due to differences in 
physical training. In patients with pulmonary disease at least three adjust- 
ments may take place: (1) a low CO 2 tension and high pHs may develop as the 
result of hyperventilation due to excessive stimulation of the respiratoiy centers, 
(2) a high C0 2 tension and normal pHs may be associated at rest and during 
exercise with a significant degree of hyperventilation, (3) a high C0 2 tension and 
low pHs may be observed at rest and during exercise with hypoventilation. 
The finding of an increased carbon dioxide content and tension, in spite of 
hyperventilation, indicates serious impairment of the alveolar function. If the 
same finding obtains without hyperventilation, it suggests in addition a poor 
response of the respiratory centers. 

VII. Return of Pulse Rate to the Resting Value during the Five Minute 

Recovery Period 

The time required for the pulse rate to return to resting values following a 
standard exercise has been considered by many observers to be an important 
observation in the evaluation of the state of the circulation in subjects suffering 
from cardiac and circulatory disease (42, 43). In patients with pulmonary 
disease it might have been expected that a similar correlation would be found. 
In fact, in this series no significant correlation could be demonstrated between 
the time required for the pulse rate to return to resting values and either the 
total oxygen consumption, the changes in rate of oxygen removal, and the degree 
of arterial blood oxygen saturation during or following the 30 steps exercise test. 
Whether an increased pulse rate is of importance in detecting a circulatory factor 
in subjects with pulmonary disease still remains an open question. 

VIII. Bronchospirometry 

The importance of bronchospirometry consists in a comparison of the per- 
formance of each lung relative to the other. In normal individuals the vital 
capacity, the ventilation, and the oxygen intake of the right and left lung aie 
respectively 55 per cent and 45 per cent of the total vital capacity , ventilation, 
and oxygen intake (44) . 

It is not unusual to observe during the test that a grossly abnormal lung con- 
tributes its normal percentage to the total ventilation. In these instances, the 
tidal air in the diseased lung encroaches much more on the vital capacity than 
in the opposite lung. Of far greater interest are the variations in the relative 
oxygen intake of each lung. These can be interpreted as an indication of t e 
relative circulation of blood through each lung, providing that (a) the inspired 
air contains a concentration of oxygen sufficiently high to make up for ah eo ar 
distribution and alveolo-capffiary diffusion abnormalities and (b) the arterial 
blood is fully saturated with oxygen. 
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IX. Infusion Test 

Analysis of the data upon which the statistics in table 5 were calculati 
dicates that in normal subjects (ft) the venous pressure usually does no 
towards the end of the infusion more than 30 mm. of saline with a final max 1 
height not over 115 mm. of saline, (b) the vital capacity decreases less t’ 
per cent, and (c) the circulation time remains constant within 2 seconds. 

A decrease in the vital capacity of 10 per cent or more indicates cong< 
of the pulmonary circuit. Rise of venous pressure is a measure of sys 
venous congestion. However, a significant rise of venous pressure has also 
observed in some patients with vasomotor instability, as for example n 
circulatory asthenia. A prolongation of the circulation time is a more re 
indication of circulatory dysfunction. 1 

The test actually imposes only a slight additional load on the circul 
and therefore will not demonstrate abnormalities in cases of mild or mod 
diminution in cardiac reserve; for instance in 32 patients with compensate 
ganic heart disease no significant difference could be demonstrated by eompa 
with a control group. This test mil frequently bring out a state cf iacij 
congestion in either the systemic or the pulmonary circuit, whether such 
gestion is primarily of circulatory or of pulmonaiy origin. Thus a'gnifi 
mean changes in the venous pressure, vital capacity, and circulation j 
measurements arc encounterd not only in groups of patients with df cempena 
organic heart disease but also in patients with chest defonaitrss. fibrotho 
and various types of chronic pulmonary disease. Even in such groups, howe 
the wide scatter of values makes a negative test of doubtful sinifeance. 

For all these reasons one may conclude only that aposhfreiest is t£ considers 
clinical value in the evaluation and the therapeutic esEsgeaent of cert 
selected cases. 
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(b) residual air and index of intrapulmonary mixing, by collection of expired 
air during oxygen breathing; (c) measurement of respiratory gases, ventilation 
and arterial blood, at rest and following a standard exercise; in certain instances 
(d) other special measurements such as bronehospirometry, and the infusion test. 

4. Values of various pulmonary functions in normal subjects are compiled 
from our data and from those of other investigators, and formulae for the pre- 
diction of normal values, according to sex, age, and body surface area, are pre- 
sented. 
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INTRODUCTION 

bo identification of the terms catarrhal jaundice, infectious hepatitis, hepatitis 
emica, and acute yellow atrophy of the liver as descriptive 'appellations of a 
le disease entity was suggested many years ago by the clinical and epiderm- 
ic observations of several investigators (1-8). Until recently, the classifi- 
on and description of this entity were on a clinical-pathologic basis. The 
y concept <4f Virchow (9) that catarrhal jaundice resulted from the obstruction 
sed by a plug of mucus in the ampulla of Vater was altered by the descriptions 
Eppinger (10) and later by Rich (11) of diffuse hepatocellular necrosis in 
ients with this disease at necropsy. Subsequent observations by Roholm 
1 Iversen (12), Dible ct al. (13) and others (14, 15) of specimens of the liver 
ained by biopsy from patients with infectious hepatitis supported the idea 
t the essential lesion in this disease is mainly concerned with inflammatory 
1 degenerative changes in the hepatic parenchymal cells. However, in spite 
the unequivocal evidence assembled throughout the years, Mallory (15) has 
led attention to the fact that medical opinion in general continued to accept 
i early concept of Virchow (9), and only recently has the actual pathogenesis 
the disease been generally appreciated. 

During the years of IVorld War II, the importance of infectious hepatitis as an 
idemic disease initiated numerous studies directed towards clarifying certain 
oblems hitherto unsolved. In addition to the amplification of knowledge of 
e natural history of the disease, a new concept of its viral etiology has been 
olved. It has also been suggested that there may be variant forms of viral 
patitis which, although clinically and pathologically indistinguishable, have 
rtain apparent differences. Whether these differences indicate actually differ- 
it diseases or variant forms of a single disease is, as yet, undetermined. 
Terminology. At least two forms of viral hepatitis are now recognized: (1) 
fcclious hepatitis (catarrhal jaundice, hepatitis epidemica, infective hepatitis) 
id (2) homologous serum hepatitis (late post-arsphenamine jaundice, syringe 
lundice, transfusion jaundice, yellow fever vaccine jaundice). The former 
:rm, infectious hepatitis, is reserved for the sporadic or epidemic forms of the 
aturally occurring disease. The latter term, homologous serum hepatitis, is 
sed to designate that form of hepatitis produced in patients by the parenteral 
ljection of human blood or its products containing a virus of hepatitis. 


1 Thls wo* was conducted with the aid of the Commission on Virus and Rickettsial 
hseases, Army Epidemiological Board, Office of the Surgeon General, U. S. Army, Wash- 
igton, D> C. * 

In the preparation of this review, the author is particularly indebted to certain inves- 
i gators, including Drs. J. R. Paul, J. Stokes, Jr., and J. R. Ncefe. 
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It is obvious that the arbitrary definition of a disease on the basis of route' of 
inoculation of the causative agent is artificial and likely to cause confusion. 
Homologous serum hepatitis is admittedly a poor term, particularly in view of 
recent experimental work which has described at least two apparently different 
strains of virus which cause hepatitis in man (16, 17) . Since both of these str ains 
of virus may be transmitted experimentally by parenteral inoculation, they 
conceivably could both be described as homologous serum hepatitis virus, 
although certain differences in behavior in man suggest that, while they may be 
closely related, they are not identical. To avoid this difficulty in nomenclature, 
Neefe (18) has recently suggested the terms, “Virus Hepatitis I. H.” to designate 
the naturally occurring disease, and “Virus Hepatitis S. II. ” to refer to the 
artificially transmitted homologous serum hepatitis. 

The first section of this paper will deal with infectious hepatitis, the naturally 
occurring disease, and the second section with homologous serum hepatitis and 
its possible relationship to the former disease. 

INFECTIOUS HEPATITIS 

History 

Infectious hepatitis has a long and well-established record of importance in 
both civilian and military medical history. Epidemics of the disease were 
apparently recognized by ancient Greek physicians, and descriptions of out- 
breaks from various parts of the world have appeared with increasing frequency 
since the middle of the 18th century. Blumer (5) reported that 11 outbreaks 
had been described in the American literature from 1812-1886; 51 outbreaks 
from 1886-1920; and from 1920-1922 a greatly increased number were recorded, 
with more than 200 in New York State alone. It has been repeatedly observed 
that -when troops are concentrated during war, this disease is likely to occur. It 
was present among Napoleon’s troops in Egypt, and epidemics have occurred in 
this country during every war with the possible exception of the War for Inde- 
pendence. 71,691 cases appeared among Union troops during the Civil War (19). 
During World War I, it was prevalent among British (20-23) and French (24) 
troops in the Mediterranean area; and during World War II, it was a major 
cause of loss of time in both Allied (25-31) and Axis (32-37) forces. Hundreds of 
thousands of cases occurred in both civilian and military populations in many 
widely separated parts of the world (38-54); thousands of cases with jaundice aie 
known to have occurred among American troops alone. 

Early etiologic investigations in this disease were concerned with Leptospira 
icterohemorrliagiae, and for some time confusion existed concerning the possible 
role of this organism in the disease. During World War I, emphasis was placed 
on the possibility of an etiologic relationship between various strains of salmo- 
nellae and infectious hepatitis. The recovery of such organisms from the blood 
or feces of some patients with jaundice, as well as the development of antibodies 
in their blood to certain strains of salmonellae, suggested a possible etiologic 
association (24, 55-58). In the light of present knowledge, it is probable that 
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such observations indicated the simultaneous occurrence of two diseases whose 
manner of spread (the intestinal-oral routo) was the same. Of interest in tins 
regard is a recent report (59) of bacteremia with S. cholera suis in 2 volunteers 
experimentally infected with infectious hepatitis. These men lived in insti- 
tutions where infections with salmonellac were not uncommon, suggesting the 
possibility that hepatitis may predispose a patient to the acquisition of secondary 
infection with these bacteria. 

The modern concept of the viral etiology of infectious hepatitis is a product of 
investigations carried on during World War II. Although the virus has not been 
“isolated” in the sense that it has been adapted to laboratory animals, it has 
been studied in volunteers. From such experiments, certain information has 
become available concerning properties of virus and possible ways of trans- 
mission and prevention of disease. 


EXPERIMENTS IN TRANSMISSION OP VIRUS TO ANIMALS 

In 1938, Andersen and Tulinius in Denmark (CO) described the transmission 
of spontaneously appearing porcine hepatitis to young pigs on a deficient diet. 
In addition, they reported that duodenal fluid obtained from patients in the acute 
phase of epidemic hepatitis produced hepatitis in young pigs 2 to 5 daj r s following 
ingestion. The hepatitis so produced was also said to bo transmissible from pigs 
to rats by feeding infectious materials. An effort was made to establish an 
etiologic relationship between porcine and human hepatitis on the basis of ex- 
perimental and epidemiologic data. Limited attempts to confirm this work 
have been unsuccessful up to the present (01, 02). 

Since then, several attempts to transmit the vims 2 of hepatitis to embryonating 
hen’s eggs (03, 04) and to a variety of animals such ns hamsters (03), chimpanzees 
(05), guinea pigs, white mice, rabbits, kittens, gerbils, baboons, rhesus monkeys 
and other species such as cercopithecus, erythrocebus and colobus monkeys have 
been unsuccessful (00). Unconfirmed reports have described the propagation of 
this virus in embryonating eggs (07-09) and canaries (70, 71). More recently, 
MacCallum and Miles (72) have leported the production of hepatitis in rats on a 
deficient diet, by feeding duodenal fluid from patients in the acute phase of the 
disease. Subsequent experiments in their hands failed to confirm earlier obser- 
vations. The spontaneous appearance of hepatitis in colonies of supposedly 
healthy mice (73, 74) and in puppies (75) has been described. There is no 
evidence, as yet, that any relationship exists between tho agents causing these 
affections and hepatitis in man. 

Up to the present, the identification of hepatitis virus is determined by its 
transmission to volunteers, and none of those strains of virus claimed to have 
been propagated in animals or embryonating eggs has been transfened to man 
fulfilling tills criterion. ’ 


, ^ G ,T.r ( ®2. Wo , r ^ r3 have riescribed tic vjrus of infectious hepatitis as being a poly- 
“° dy w . lth a diameter of the order of ISO imljimierons when visualized by means of 
the electron microscope . This report has not been confirmed. 
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EXPERIMENTS IN TRANSMISSION OP VIRUS TO VOLUNTEERS 

Much of the information available about the virus of infectious hepatitis has 
been derived from experiments in its transmission to volunteers. The number of 
volunteers employed in any individual experiment is, of necessity, small, so that 
the results must be interpreted with caution. In general, the positive results 
are of greater value than the negative. However, during the past five years, the 
accumulated experience of a number of investigators employing volunteers has 
revealed certain observations which have been consistent. When all the work is 
tabulated, it is evident that certain similar results have been obtained often 
enough by different groups to lend an increased validity to individual findings 
(Table I). 

Voegt (76) was the first to report the transmission of infectious hepatitis to 
volunteers by feeding duodenal fluid and blood obtained from patients in the 
acute phase of disease. In 1943, Cameron (77) described the transmission of 
hepatitis to 6 volunteers by the intramuscular injection of blood obtained from a 
patient early in disease. In 1944, MacCallum and Bradley (78) in England and 
members of The Neurotropic Virus Disease Commission of the Army Epidemi- 
ological Board in the United States (79) were successful in transmitting the 
disease to volunteers by feeding feces of patients in the acute phase of infectious 
hepatitis. Subsequently, it was demonstrated that the etiologic agent is filtrable 
through an L2 Chamberland or Seitz E K filter, resistant to heating to 56° C. for 
at least 30 minutes, and transmissible to man in serial passage by feeding or 
parenteral inoculation of infectious material (80). It withstands chlorination, 
viz., 1 part chlorine residual per million for 30 minutes (81, 82), and remains 
active in materials frozen 1 to 1§ years (18) but not for 3 years (282) at — 10° to 
—20° C. Another strain of virus was inactive after storage at dry ice box 
temperature for 32 months (63, 282). 

The infectivity of both urine and nasopharyngeal washings has been incom- 
pletely investigated. Contradictory results have followed the ingestion of urine 
by volunteers. Voegt (76), and Findlay and Willcox (83) reported positive re- 
sults, while MacCallum and Bradley (78), Havens (84), and Neefe and Stokes 
(81) failed to transmit the disease in this way. More recently, Findlay (284) 
has suggested that the apparent infectivity of urine in his experiment was due to 
the presence of erythrocytes associated with urinary bilharziasis. The results of 
testing nasopharyngeal washings have been negative (78, 81, 84) with one pos- 
sible exception (78). The number of volunteers employed in these latter ex- 
perimentsis small and, in addition, itispossiblethatbothurineand nasopharyngeal 
washings were obtained from the patients at a time when insufficient virus to be 
infectious was present in such materials. It is evident that no conclusions con- 
cerning the infectivity of either urine or nasopharyngeal washings can be reached 
from the observations made up to the present. 

Since most experiments were done with infectious material obtained from 
patients in the acute phase of disease, little is known about when virus appears 
in the blood or stools of such patients or how long it remains there. The latter 
is of particular importance in relation to the question of whether patients with 
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TABLE I 

Results of Administration to Volunteers of Materials Obtained from 
Patients in the Acute Phase of Infectious Hepatitis 


raocmmi 

authors 

VF-AR 

ROUTE 

KUUBER 

OI 

TEERS 

IKCOTJATIOM 

PERIOD 

I no. 

CU- 

ated 


, ' ■' — " — 






days 

Feces 

Vocgt (duod. fl.) (76) 

1012 

0 

4 

1* 

28 


MacCallum & Bradley (78) 

1911 

NP 

20 

3 



Havens ct al. (79, 80, S4, 121, 







121, 278) 

1911-16 

o 

12 

9 

15-27 


Neefc ct al. (123) 

1911-10 

0 

10 

25 

18-37 


Nccfo ct al. (123) 

1911-15 

p 

3 

0 



Findlay & Willcox (S3) 

1915 

O 

IS 

1' 

17-2S 

Serum 

Voegt (blood) (70) 

1912 

0 

* 

1 

? 


Vocgt (blood) (70) 

1912 


? 

J 

39? 


Cameron (77) 

3 


6 

5 

30 & 30 *f* 


MacCallum & Bradley (78) 



5 

3 

61-92 


Havens (79, SO, Si, 121, 124, 







27S) 

IMS®! 


17 

$ 

20-31 


Havens (79, SO, 81, 121, 121, 







278) 


0 

8 

7 

21-34 


Oliphant (274) 

1941 

p 

21 

i 

S5-106 


Francis et al. (85) 

1915 

p 

S 

4 

35-13 


Neefc ct al. (123) 

1915 

p 

6 

1 

35 


Nccfc ct al. (123) 

1915 

0 

3 

2 

25 & 33 

Naso- 

MacCallum & Bradley (78) 

1911 

NP 

15 

0 


pharyn* 

Necfe ct al. (123) 


NP 

8 

0 


geal 

Havens (84) 

1945 

NP 

3 

0 


washings 







Urine 

Vocgt (70) 

1912 

O 

? 

V 

? 


MacCallum & Bradley (78) 

win 

NP & O 

19 

0 



Findlay k Willcov (83)** 

1945 

O 



? 


Ncefe & Stokes (81) 

1945 

O 





Havens (84) 

1916 

0 


IB 



NP « nasopharyngeal; O = oral; P — parenteral. 

Although the occurrence of non-icteric hepatitis is recognized, only jaundiced caseB, in 
■whom the diagnosis could be definite, are recorded here. 

* No definite statement of jaundice. 

** In a subsequent publication (28-4) Findlay has suggested that the apparent infectivity 
of urine in his experiment was due to the presence of erythrocytes associated with urinary 
bilharziasis. 

relapse or chronic hepatitis are infectious, or whether persons who have made a 
complete recovery may remain carriers of virus. A limited number of experi- 
ments employing a few volunteers have been performed to investigate tbe period 
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of injectivity of patients with infectious hepatitis (Table II). Virus has been 
demonstrated in the blood 3 days before the appearance of symptoms (85), and 
as late as 8 days after the appearance of jaundice (79). A single attempt to 
detect virus in the blood of a patient half-way through the incubation period of 
experimentally induced infectious hepatitis was unsuccessful (84). Attempts to 
recover virus from the blood and feces 1 month (84) after onset, and from the 
feces 3 months (86) after disappearance of jaundice have also been unsuccessful. 
Neefe et al. (87) have tried to determine the infectivity of patients complaining 
of symptoms 6 to 9 months after the onset of hepatitis. Specimens of liver, 
obtained by biopsy, as well as blood and feces from such patients, were fed to 
volunteers who developed certain vague symptoms and slight alterations of tests 

TABLE II 


Results of Administration to Volunteers of Materials Obtained from 
Patients in Various Stages of the Incubation Period and 
Convalescence of Infectious Hepatitis 


AUTHORS 

YEAR 

INOCULUM 

i 

DAY OF DISEASE MATERIAL 
OBTAINED 

NUMBER OF 
VOLUNTEERS 

Inocu- 

lated 

Jaun- 

diced 

Havens (84) 

1946 

i 

F 

-15 

3 

0 

Francis et al. (85) 

1945 

S 

-3 

8 

4 

Havens (84) 

1946 

F & S 

25+ to 31+ 

10 

0 

Neefe et al. (86) 

1945 

F 

21 post-jaundice 


0 

Neefe et al. (87) 

1947 

Liver 

180+ 


0 

Neefe et al. (87) 

1947 

S 

106+ to 367+ 


0 

Neefe et al. (87) 

1947 

F 

92+ to 342+ 


0 


F = feces; S = serum. 
(+) = after onset. 

(— ) = before onset. 


of hepatic function. The results were not clearly defined, and it is still not defi- 
nitely known whether such patients harbor virus or may be regarded as infectious. 

EPIDEMIOLOGY 

Unfortunately, infectious hepatitis has not been reportable to public health 
authorities in most places until' very recently, so that much of the information 
available has come from descriptions of epidemics large enough to demand 
attention. Sweden and Denmark have been exceptions to this, and the disease 
has been notifiable in those countries since 1928. A great deal of information on 
statistical epidemiology is available from their records (Fig. 1). 

Excellent descriptions of the clinical epidemiology of infectious hepatitis in 
both civilian (45, 88-96) and military (28, 30, 31, 97-103) populations are 
recorded. Although the age distribution is different, attention has been called 
(30) to certain similarities between the epidemiologic patterns of the disease in 
both groups. Much new information has been obtained during the years of 
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World War II, particularly in relation to tlie causativo virus and possible ways 
of transmission and prevention of disease. The opportunity to observe the 
response of large numbers of susceptible young adults when placed in an environ- 
ment where the disease is prevalent lias been of value in defining more accurately 
the natural history of this disease. Up to the present, however, certain inherent 
difficulties in the investigation of infectious hepatitis, i.o., the lack of a susceptible 
laboratory animal ns well as a specific serologic test, make impossible the solution 
of many of the problems associated with the disease. 

Geographic Distribution. The accumulated records of outbreaks indicate that 
infectious hepatitis is widespread and probably occurs throughout the world 
(104). Reports from such widely separated areas as the United States (5, 81), 
Scandinavia (45, 90), North Africa (105), Palestine (52), India (106) and the 



HCMTITI5 CMOEMICA - RATE PER 100. 000 (* DENMARK 

Fig. 1. (Havens, TV. IP., Jr.: Report on Epidemic Hepatitis in Denmark. August- 
September 1940. Conference on Liver Injury* Josiah Macy, Jr., Foundation. Transac- 
tions of the Fifth Meeting, 1940, p. 107.) 

(Courtesy of the Josiah Macy, Jr., Foundation.) 1 

South Pacific Islands (103) attest its generalized distribution. During the years 
1912-1947, the disease reached epidemic proportions in many parts of the world, 
and was a major cause of sickness in both Allied and Axis forces (107). Certain 
areas have a well-established record of high frequency of this disease; in par- 
ticular, the Mediterranean littoral has had a prolonged and liigb endemicity 
with severe epidemics among foreign troops stationed there during World Wars I 
(20-24) and II (25-28, 30, 31, 34, 37, 66, 102). At present, infectious hepatitis 
is not known to he limited geographically by any particular climatic conditions; 
however, it is believed that this disease is most likely to be prevalent where 
sanitary conditions are poor . The definition of the exact geographic distribution 
of the disease requires a specific means of identification of virus as well as a 
method of measuring immunity in order to determine the degree of past experi- 
ence of various populations with infection. 
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Season. Although infectious hepatitis may occur at any time throughout the 
year, the prevalence of epidemics in the autumn and early winter months, with a 
decline in incidence during the spring and summer, has been observed in many 
different parts of the world including the United States (5), Scandinavia (45), 
England (89) and the Middle East (102) . The exact explanation of this seasonal 
trend is not known. Kligler et al. (52) have suggested that it may result from 
the crowding which frequently occurs at this time of the year, and suggest the 
possibility that closer 'personal contact may account for the higher incidence. 
The fact that the disease apparently flourishes under poor sanitary conditions 
adds support to this concept. Under proper conditions, however, epidemics may 
occur at any time, and Kligler et al. (52) have described an .outbreak among 
young immigrants to Palestine, reaching a peak in June. 



Fig. 2. Incidence of Infectious Hepatitis among American Troops in the 

European Command 

1 

« 

In some places, hepatitis occurs throughout the year with little apparent 
seasonal variation in incidence. Such endemieity is said to be characteristic in 
Chile (Dueci (108)). Of interest in this regard has been the pattern of spread of 
the disease among American troops in Germany during the years 1944-1947 (Fig. 
2). The rate of hepatitis rose sharply to epidemic proportions in 1945 during the 
early winter and declined in the spring. Since then, the seasonal variation has 
been slight, although somewhat higher rates have prevailed during the winter 
months of 1946 and 1947. In addition, localized outbreaks have been un- 
common, and the disease has apparently been diffusely spread throughout the 
command. The exact explanation of this endemic pattern is unknown. The 
possibility exists that the artificial transmission of virus by improperly sterilized 
stylets, needles or syringes employed in such procedures as obtaining blood for 
laboratory tests or administering penicillin or vaccines might be operative in 
producing such a regular incidence of disease (109). 
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Age. Infectious hepatitis is primarily a disease _of childhood in the civilian 
population, although it may occur at any age. Epidemics involving adults 
primarily have been reported, but the experience of most civilian outbreaks 
records G5 to 100 per cent of the cases in children (110). A comparison of the 
attack rates for this disease in 3800 inhabitants of an East Suffolk town with the 
attack rates in the children of the same community revealed the highest rate to 
be G.0/1000 for the total population compared to a rate of 54.5/1000 for school 
children (91). Children under 15 are most susceptible, and the highest attack 
rates have been seen in the age group 10 to 14 (Selander (90)). The disease is 
thought to be uncommon in children under 5 years, although it is possible that the 
mildness of infection in this age group may cause it to escape detection. 

Under proper conditions, young adults up to 30 are very susceptible, as indi- 
cated by the high incidence of disease among troops in certain areas during World 
War II (30, 31). After 30, resistance to the disease apparently increases (31, 
52). Among American troops in the Mediterranean area, there was no marked 
difference of age incidence under 30 years. From 30 to 33 years, however, the 
incidence was one-half that in troops under 30, and men over 33 had only one- 
third the incidence of infectious hepatitis of men under 30 years (31). It is not 
determined whether immunological or constitutional factors condition this 
response. In addition, the question has been raised as to whether difference in 
exposure among younger and older troops, as determined by the fact that men 
under 30 were more likely to serve in front line battle, might not influence this 
apparently sharp difference in susceptibility. That such factors are not always 
operative in determining this difference is suggested by the observation of Gauld 
(31) that headquarters personnel at times had n higher incidence of disease than 
combat troops. 

Epidemics. In civilian life, both explosive and slowly developing epidemics 
may occur, although the usual experience during peace time is the occurrence of 
straggling outbreaks which may involve several hundreds (usually children) 
during the course of 2 to 4 months. Family and institutional outbreaks are 
common. In the former, it is usual for hepatitis to occur in one member of tho 
family, followed in 2 to 4 weeks by subsequent cases (93). Institutional epi- 
demics, particularly in schools and asylums, may involve as many as 80 per cent 
of certain groups. 

Of interest is the epidemic pattern in military populations in which the pre- 
dominant ago group consists of young adults. Numerous examples of 20 to 40 
day incubation periods of contact cases in military units are similar to the classical 
family outbreaks during civilian epidemics (McFarlan (30)). It has been ob- 
served especially that when groups of such young susceptibles enter an area 
where infectious hepatitis is endemic, ns in the Mediterranean littoral, large 
outbreaks frequently make their appearance within tho next 1 to 2 months. 
Involvement of 40 to 50 per cent of a command is not unusual in such military 
outbreaks. Two factors which may possibly increase such cpidemicity have 
been suggested by Khgler et ah (52): (1) the continued introduction of sus- 
ceptibles and (2) the wide dissemination of virus by movement of troops. 
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Explosive outbreaks may occur, but the pattern usually observed is a slow 
spread of disease over a period of 3 to 4 months. McFarlan (30) has suggested 
that the straggling course is characteristic of a mildly infectious disease which is 
spread by contact and has a relatively long and varied incubation period. Gauld 
(31) has described several such outbreaks in which cases appearing at the begin- 
ning and end of the epidemic are 1 to 3 weeks apart, while at the height of the 
outbreak several cases appear simultaneously. No exact reason for the fre- 
quently observed wide scatter of cases is known, although the possibility of sub- 
clinical cases or carriers of virus being operative in the dissemination of the 
disease must be considered (31) (Fig. 3). 

The spread of hepatitis among troops has presented some interesting problems. 
A comparison of attack rates for this disease in England and the Middle East 
showed that in British troops in the Middle East in 1942-1943 rates ranged from 
9 to 35.2/1000, while in similar troops in England in 1943-1944 rates ranged from 



□ —? HEPATITIS JAUNDICE 

Fig. 3. An Outbreak, of Infectious Hepatitis in Which Gamma Globulin Was Given 
Prophtlactically. The Progression of the Epidemic Was Almost 
Completely Confined to the Unprotected Group 
(Havens, W. P., Jr., and Paul, J. R.: Prevention of Infectious Hepatitis with Gamma 
Globulin. J. A. M. A., 129: 270, 1945.) 

(Courtesy of the Journal.) 

0.2 to 0.5/1000 (30). Variations in incidence of disease in various groups have 
also been cited; British officers in the 1942 epidemics in the Middle East had 
attack rates 4.7 times as great as enlisted men (McFarlan (30)). Gauld (31) has 
reported a similar situation among certain groups of American troops. Over 30 
years of age, the incidence of hepatitis was 3 times as great in American officers 
as enlisted men; while under 30 years, the incidence was only 40 per cent highei 
in officers. The explanation of the age differential is not clear. 

The bulk of evidence at present suggests that variations in pathogenicity and 
infectivity of vims, in addition to certain environmental factors such as crowding 
and poor sanitation in areas where the disease is highly endemic, may he im- 
portant conditions in determining variations of incidence of disease (McFailan 
(30)). Attempts have been made to explain the higher incidence in officers as a 
group on the basis of such environmental factors. The enlisted men used indi- 
vidual mess kits and were responsible for their cleanliness; the officers messed 
together and had far more possibility of contamination of their food by carriers 
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or sub-clinical cases working ns food-handlers. Environmental factors have 
also been evoked to explain the significantly higher incidence of hepatitis m 
certain epidemics among headquarters personnel as compared to combat troops 
(31). The former are usually more crowded together, and person-to-person 
contact is more common. The importance of this is suggested particularly if 
there is a good deal of virus in the environment. 

Transmission of Disease. The exact way or ways in which infectious hepatitis 
spreads are not known, although there is epidemiologic and experimental evidence 
to indicate that some form of person-to-person contact is frequently operative. 

It is not unlikely that more than one manner of spread are effective, and that 
epidemics result from different combinations of various factors. 

The fact that virus is in the feces and mny be transmitted experimentally by 
feeding such infectious materials suggests that the intestinal-oral route may be of 
considerable importance. The increased incidence in periods of the year 
(autumn and winter) when crowding is common, together with the oft-repeated 
history of association of this disease with poor sanitation, lends support to this 
concept. It is of particular interest in this regard that when epidemics of this 
disease occur in institutions for mentally deficient children, tho highest rates 
occur in groups having the lowest intellectual level, among which it is most 
difficult to maintain high standards of sanitation (110). 

Aslong ago as 1910, Kartulis (111) suggested that infectious hepatitis might be 
spread by contaminated water. A number of presumably water-borne (31, 81, 
112, 113) outbreaks, as well as food-borne (114) and milk-borne (115) epidemics, 
have been described, although there is no evidence that these are the most com- 
mon modes of transmission. Of particular importance was the demonstration by 
Neefe and Stokes (81) of hepatitis virus in water obtained from a well in a chil- 
dren’s camp in Pennsylvania during an epidemic of the disease. Volunteers 
contracted infectious hepatitis following ingestion of water from the well which 
was proved to have fecal contamination. Virus was also obtained from the feces 
of patients with infectious hepatitis in the camp, producing the disease in 
volunteers who ingested such infectious materials. 

Attention has also been directed to the respiratory route as a possible way of 
spread of infectious hepatitis. Emphasis has been placed on this possibility 
because of the clinical observation of symptoms and signs of disease of -the upper ' 
respiratory tract in a certain percentage of patients at the onset of infectious 
hepatitis. This varies with epidemics, and the exact significance cannot be 
defined. The increased incidence of infectious hepatitis during the fall and 
winter months when respiratory disease is more prevalent has been cited in 
support of this concept (31). In addition, circumscribed outbreaks in small 
groups occupying the same sleeping quarters under crowded conditions have 
been described as supportive evidence for the spread of disease in this manner. 
While the occurrence of outbreaks under such living conditions suggests that 
some form of person-to-person contact maj frequently be responsible for the 
spread of hepatitis, there is no evidence which incriminates the respiratory 
rather than the gastrointestinal route. Experimentally, there is no conclusive 
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evidence to support the concept of the respiratory route of transmission, but it is 
important to note that only a limited number of experiments have been performed 
on a few volunteers, so that such negative results are not definitive. 

The possibility of transmission by insects, either by biting or by mechanical 
transfer of infectious 'materials, has received attention. The former method 
requires consideration in view of the fact that this disease may be transmitted to 
man by the parenteral inoculation of as little as 0.01 cc. of infectious serum (84), 
which is well within the range of inoculation by certain insects. However, 
numerous epidemics occur in areas and seasons when no possible vectors are 
present. The latter possibility of mechanical transfer of infectious material has 
been advanced by Kirk (99) and Trussed (103) in their descriptions of outbreaks 
among New Zealand and American troops at El Alamein and in the South 
Pacific area. 

„ Lastly, the possibility of artificial transmission of infectious hepatitis merits 
consideration. This will be discussed in greater detail in the section on homol- 
ogous serum hepatitis. However, it is to be noted at this point that the presence 
of hepatitis virus in the blood of patients, its high degree of resistance to ordinary 
procedures of cleansing, and its infectivity by parenteral inoculation suggest the 
possibility that it may be transmitted accidentally more often than is recognized. 

Immunity. The lack of a specific serologic test or of a susceptible laboratory 
animal makes it difficult to evaluate the immune response elicited in man follow- 
ing infectious hepatitis. However, epidemiologic evidence is supported by a 
limited amount of experimental data which suggest that a degree of i mm unity 
does follow infection. In civilian life, Pickles (89, 116) has called attention to 
the fact that long intervals occur between epidemics in villages. Lisney (91) also 
noted that villages in Leicestershire that had had epidemics before 1942-1943 
were not involved in the widespread epidemic of that year. 

The natural history of the disease is in accord with the concept that an attack 
confers immunity. Infectious hepatitis is primarily a disease of childhood and, 
although young adults are highly susceptible under proper conditions, the 
incidence of disease declines rapidly after 30 years of age. It is a common ex- 
perience for epidemics to occur among susceptible immigrant populations when 
introduced into an area where the disease is endemic (52). In such situations, 
the low degree of susceptibility of the suiTOunding native population has been 
recorded (30, 52). 

In questioning groups of young adults about past history of jaundice, the usual 
incidence is 3 to 5 per cent. However, this does not account for the patients with 
hepatitis without jaundice or the sub-clinical cases. The mildness of the disease 
in childhood (110) suggests the possibility that infection is far more common than 
usually suspected, resulting in subsequent relative immunity. In support of 
this is the original work of Stokes and Neefe (117), subsequently corroborated by 
others (118, 119), of the prophylactic value of normal human gamma globulin in 
this disease. When given during the incubation period, up to within 6 days 
before the onset of disease, passive protection is conferred. 

The epidemiologic experience with infectious hepatitis in troops has added 
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furtker supportive evidence to tlio idea that immunity follows an attack (McFar- 
lan (30)). Gauld (120) reported the incidence of infectious hepatitis as 42 per 
1000 among seasoned American troops in (lie Mediterranean theatre (1944-1945), 
compared to an incidence of 109 per 1000 among reinforcements. “Reinforce- 
ments” were defined as troops who had entered the theatre after the winter epi- 
demic of 1943-1944; “seasoned” troops were men who had been present in the 
theatre during this time. It has also been suggested that the rise in incidence 
of disease in one group paralleling a declining incidence in an associated group 
also indicates the possible development of resistance (30). 

It is difficult to evaluate the clinical and epidemiologic data which indicate 
that second attacks of hepatitis may occur in 3 to 5 per cent of patients. Con- 
siderable variations may be observed in the second attack rates. Among 
civilian populations (Pickles (89), Lisney (91)), they are apparently uncommon, 

TABLE III 


Results of Attempts to Demonstrate Immunity and Cross Immunity in Volunteers 
Convalescent from Experimentally Induced Infectious Hepatitis 



NEAR 


NUMBER or CONVALESCENTS 

NUMBER OF CONTROLS 

AUTHORS 

1 VIRUS 

Inocu- 

lated 

I 

Jaun- 

diced 

Incubation 

Period 




Havens (121) 

1916 

1H* 

19 

0 

day* 

12 

8 

Ml 

Neefe et al. (123) 

1916 

III 


0 


14 

c 


Neefe et al. (123) 

1916 


19 

2 

101, 102 

9 

8 

| 66-110 


* Infectious hepatitis. 

** Homologous serum jaundice. 


ranging from none to 4 cases in two series of 1000 cases. Differences have also 
been pointed out by McFarlan (30) in studying the attack rates among com- 
parable groups of troops. Of 77 men who contracted infectious hepatitis in the 
Middle East, 8 had had previous attacks. Of 82 men who contracted this disease 
in England, only 1 had been jaundiced before, and his first attack was 8 months 
before the second, suggesting the possibility of relapse. It is possible that 
immunity may not be solid, and that size of dose of infectious agent, as well as 
certain non-specific or environmental factors affecting the immunity of the host, 
may be operative. Of particular importance is the fact that it is not yet possible 
to determine whether such second attacks represent actual reinfection with the 
same virus or infection with another strain of hepatitis virus. It is also known 
that evidence of hepatic involvement with or without jaundice may occur in 
infectious mononucleosis so that it may be difficult to distinguish between this 
disease and second attacks of hepatitis. 

Experimentally, there is a limited amount of data to indicate that immunity 
develops during recovery from hepatitis. Both Havens (121) and Neefe et al. 
(122) showed that volunteers convalescent 0 to 9 months from experimentally 
induced infectious hepatitis were immune when reinoculated with the homologous 
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strain. In addition, Neefe et al. (123) showed that volunteers recovered from 
hepatitis experimentally induced by a strain of virus obtained from the stools of 
children with the disease in Pennsylvania were immune when inoculated with a 
strain of hepatitis virus obtained from the stool of a soldier who contracted the 
disease in Sicily (79) (Table III). 

Evidence is now available that more than one strain of hepatitis virus may 
cause hepatitis in man. At least two strains of virus have been described as 
being immunologically distinct (16, 17, 123). These strains of virus have been 
termed infectious hepatitis and homologous serum hepatitis, and the differences 
between them will be discussed more fully in the section on Homologous Serum 
Hepatitis. However, it may be mentioned here that in a limited number of 
experiments, volunteers convalescent from hepatitis produced by one strain of 
virus were not immune when reinoculated with the other strain of virus (123, 
124). 


PATHOGENESIS 

The most striking and apparent effect of hepatitis virus in man is on the 
parenchymal cells of the liver which may be involved in all degrees of inflamma- 
tory and degenerative changes. Unfortunately, too little is known about this 
virus to allow conclusive definition of the pathogenesis of the disease it causes. 
However, there is reason to believe that infectious hepatitis is a generalized 
systemic infection is which the alimentary tract is involved early. The presence 
of virus in the blood, with lymphadenopathy and splenomegaly in addition to 
chilliness, fever, malaise and headache early in the course of disease, supports 
this concept. Anorexia, nausea, vomiting and abdominal distress suggest that 
involvement of the gastro-intestinal tract may be an important feature of this 
disease. In support of this are the roentgenographic (125, 126) and gastroscopic 
(126, 127) findings, which have been described as evidence of gastro-duodenitis, 
in the acute phase of disease. Other objective evidence of involvement of the 
gastro-intestinal tract has been furnished by the demonstration at necropsy of 
regional lymphadenopathy with edema and phlegmonous changes in the stomach 
and small and large intestine in fatal cases (98, 128, 129). 

PATHOLOGY 

Excellent reviews of the development of knowledge of the pathology of infec- 
tious hepatitis have been made by Luck6 and Mallory (128, 129). Attention has 
been called to the belated acceptance of the actual pathogenesis of this disease by 
general medical opinion in spite of the unequivocal evidence assembled in clinical, 
epidemiologic and pathologic observations (15). It was not until the technique 
of biopsy of the liver was developed by Iversen and ftoholm (12, 130) that a 
method of ex aminat ion of the liver of such patients in various stages of disease 
"was possible. Application of this procedure by others, notably Dible, 
McMichael and Sherlock (13), Axenfeld and Brass (14), and Kalk (131), has 
amplified the understanding of the pattern of histologic response of the liver in 
various stages of disease. Mallory (15) has described the pathologic alterations 
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of the hepatic parenchyma as observed in ICO biopsies performed on 137 patients 
in various stages of non-fatal infectious hepatitis. During tho acute icteric 
phase, the characteristic changes consisted of peri-portal infiltration with a 
predominance of mononuclear cells; intralobular infiltration with swelling of the 
reticulo-endothelial cells; lobular disarray; focal necrosis with acidophilic de- 
generation of hepatic cells; numerous mitotic figures and multinucleate cells; 
and dilatation of the biliary canaliculi with biliary thrombi. The lobular reticu- 
lar framework is usually maintained intact (Diblc et al. (13)), although tho 
pattern may at times be distorted with areas of condensation apparent (Mallory 
(15)). Dible et al. (13) have described central lobular necrosis in certain patients 
with severe but non-fatal hepatitis. In specimens of the liver obtained from 
patients in the pre-icterio phase or from patients with sub-icteric or non-icteric 
hepatitis, qualitatively similar observations were made with the exception that 
biliary stasis was rarely evident. 

The length of time before recovery is complete varies widely; complete re- 
generation of tho liver may occur at the end of 1 to 2 months, although activity 
of disease may be present for several months. Mallory (15) described specimens 
of the liver obtained by biopsy from 20 normal convalescents, at periods ranging 
from 34 to 131 days after onset of disease. Seven were normal; 5 had minimal 
changes which were defined as of doubtful significance; 8 men, however, still had 
evidence of peri-portal and intralobular inflammatory infiltration with occasional 
areas of focal hyaline necrosis and fat vacuoles in the hepatic cells. The range 
of variation in tho rate of recovery is demonstrated by the fact that in 2 patients 
examined on the 32nd and 33rd days, evidence of hepatitis had almost cleared, 
while another showed moderately severe activity on the 83rd day from onset. 

Mallory (15) examined 3 patients with second attacks from 10 to 13 months 
after the first attack. No evidence of permanent damage from the first attack 
was found. Luckd (132) reported that 14 patients, dying from other causes 1 
week to 14 months after acute hepatitis, revealed essentially normal hepatic 
parenchyma. Slight residual peri-portal infiltration (12, 13, 87, 131, 133) may 
persist for several months, but the exact significance of this is not determined. 
Dible et al. (13) suggest that it ultimately disappears in most cases, and it would 
appear probable that some persons making an apparently -normal recovery from 
acute hepatitis have some abnormalities of hepatic structure without active 
hepatic disease. 

In another group of patients in whom convalescence was interrupted by relapse 
or prolonged beyond the usually accepted period of recovery, Mallory (15) 
observed histologic changes in the liver similar to those found in the normal 
convalescent group. Of 10 patients with relapse, 3 of them were examined during 
the height of recrudescence, and the others at intervals of 24 to 130 days after the 
appearance of jaundice. Ten showed positive evidence of hepatitis, and 6 were 
doubtful. In 40 other patients classified as "delayed recovery,” biopsies of the 
liver were obtained from 100 to 500 days after the onset of disease. In 15 
patients, the specimens of liver observed were normal; 10 patients had doubtful 
changes; and 15 had changes characteristic of hepatitis, with peri-portal and 
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intralobular inflammation and focal hyaline necrosis. The duration and progres- 
sion of such lesions are unknown, although the concept that a certain number 
develop chronic progressive hepatic disease is borne out by the experience of 
others. 

The occurrence of multiple nodular hyperplasia, post-necrotic cirrhosis, and 
diffuse portal cirrhosis of the liver in patients who had contracted infectious 
hepatitis during outbreaks of the disease has been recorded (13, 131, 133-145). 
How often the transition from viral hepatitis to cirrhosis of the liver occurs is 
undetermined. Recent reports from Denmark (139, 142) have described a 
highly fatal form of chronic hepatitis occurring particularly in women beyond the 
, menopause, and terminating in subacute hepatic necrosis in 6 to 18 months after 
onset. The relationship of this disease to epidemic hepatitis, which has been so 
prevalent in Scandinavia during the past few years, is undetermined, although 
there is no reason to believe that the chronic form of disease is not merely a more 
severe manifestation of hepatitis in an older age group. Bergstrand reported a 
similar situation in Sweden in 1930 (146). The relationship of sex and climac- 
teric is unexplained. Krarup and Roholm (137) in 1941, by means of serial 
biopsy of the liver, described the development of chronic hepatitis with diffuse 
cirrhosis in 12 out of 49 patients. They question whether such a high percentage 
of cirrhosis might not be due to selection of cases, since only sicker patients 
reached the hospital. In addition, it is of interest that all but 3 of their patients 
were over 40 years of age, suggesting that the increased severity of disease which 
is known to characterize hepatitis among older patients might be a factor in 
producing the observed changes. 

Subsequent similar studies by others have revealed a much lower incidence of 
such a progression of disease, so that the preponderance of evidence suggests that 
it happens infrequently. Thus, Dible et al. (13) described the development of 
cirrhosis in only 2 of 54 patients with non-fatal viral hepatitis. A third patient 
was suspected of having multiple nodular hyperplasia and cirrhosis clinically. 
Sherlock and Walshe (133) found no evidence of cirrhosis in 35 non-fatal cases, 
and Mallory (15) observed none in 89 non-fatal cases. Kalk (131) recently 
described the findings in specimens of the liver obtained by biopsy in 400 patients 
at varying intervals after acute hepatitis. Nine had multiple nodular hyper- 
plasia; 2 had diffuse cirrhosis; 1 had post-necrotic cirrhosis; and 8 had spleno- 
megaly associated with essentially normal-appearing hepatic parenchyma. 
Eight other patients had residual peri-portal fibrous infiltration which disappeared 
almost completely during the ensuing few months. 

Luck6 and Mallory (129) have described the pathologic changes in fatal cases 
of the disease and have divided them into two types : (1) the fulminant and (2) 
the subacute. In the fulminant form of disease in which death occurs within 10 
days after onset, the liver is reduced in size, smooth and soft. The cut surface 
may have a “nutmeg” appearance. Massive central necrosis destroys the 
hepatic parenchyma uniformly and completely. Evidence of regenerative hyper- 
plasia is lacking. The necrosis is autolytic, and the affected cells disappear 
quickly. An intense inflammatory cellular response of the mononuclear type is 
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present at tlie periphery of the lobule, particularly in the portal stroma. The 
lobular remnants contain numerous proliferated macrophages and erythrocytes, 
so that the liver may resemble a spongy framework distended with inflammatory 
cells and blood. Similar observations have been recorded by Wood and Black 
(147, 148). 

In the subacute form, death may occur from 3 to 8 weeks after onset. The 
liver is often grossly deformed and smaller than normal. Bed depressed areas 
are surrounded by yellow-green nodules. The cut surfneo may be granulnT. 
Destruction of the hepatic parenchyma is neither complete nor uniform, and 
varying degrees of regeneration are seen with the formation of nodules of hepatic 
cells without normal lobular architecture. The inflammatory response is less 
pronounced but is mononuclear in type and involves the stroma of the portal 
areas and the interlobular boundaries. The reticulum is apparently not involved 
except insofar as shrinkage is evident in areas where parenchyma cells have dis- 
appeared. Endophlcbitis of the central and efferent veins is more evident in 
this form than in the fulminant form of disease. As regeneration occurs, the new 
cells are often large and multinucleate in type. 

Extra-hepatie lesions include lymphoid hyperplasia; the spleen is frequently 
enlarged and congested with follicular hyperplasia. Ascites is common. Phleg- 
monous inflammation and hemorrhage of the stomach and intestinal walls are 
found in the subacute cases. The kidneys are often swollen, with evidence of 
fat storage in the fulminant cases and bile nephrosis in the subacute cases. The 
brain may reveal swelling of the ganglion cells with distortion of nuclei and, in 
cases of longer duration, there may be lymphocytic infiltration of the meninges 
and perivascular lymphocytic cuffing in the basal ganglions. 

CLINICAL COUnSE OF DISEASE 

Numerous observations suggest that infectious hepatitis is primarily a disease 
of children during peace time (110), in contrast to the high prevalence among 
young adults during war (30, 31). Although complete proof of the identity of 
the diseases which appear both sporadically and in epidemics in children and 
young adults is not established, there is no reason to believe that they differ (110). 
Supportive evidence for this concept is furnished by the fact that in most epi- 
demics among children, occasional cases appear in adults associated with them. 
Experimentally, additional support for this idea is given by immunologic data 
which reveal that adult volunteers, convalescent from hepatitis induced by a 
strain of virus obtained from the stools of children with the disease in Pennsyl- 
vania, were immune when inoculated with a strain of virus derived from the stool 
of a soldier in the acute phase of infectious hepatitis, contracted in Sicily (123). 

Incubation Period. The incubation period is believed to range from 20 to 40 
days, although there is evidence to suggest that it may be as short as 10 days in 
some outbreaks. When infectious hepatitis is produced experimentally in 
volunteers by feeding infectious materials, the average incubation period is about 
25 days, although it may be as short as 15 days and, on a single occasion was 
recorded as long as 85 days (79). 
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J uvenile F orm. Characteristically, the disease is qualitatively similar although 
milder in children. The typical juvenile case begins abruptly with headache, 
fever and gastro-intestinal symptoms, of which abdominal pain and vomiting 
are the most common. Fever usually ranges from 99.6° F. to 102° F., declining 
after 4 to 5 days to normal, when jaundice appears. As soon as jaundice is evi- 
dent, there frequently occurs a striking amelioration of symptoms; the appetite 
improves, and a sense of well-being returns. Jaundice lasts usually 10 to 12 days. 
Complications are uncommon, and death is rare. 

N on-icteric Hepatitis. It is undetermined how often hepatitis without j aundice 
occurs. That it happens more frequently than is usually suspected is suggested 
by the occurrence of characteristic symptoms and signs of hepatic dysfunction 
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Fig. 4. Schematic Diagram Illustrating the Clinical Course of an Average 
Case of Infectious Hepatitis in an Adult 

(Paul, J. R., and Havens, W. P., Jr. : Recent Advances in the Study of Infectious Hepati- 
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without jaundice in a fair number of patients during epidemics of hepatitis when- 
the diagnosis may be suggested by the epidemiologic situation and corroborated 
by tests of hepatic function (149). The liver may be enlarged and tender. 
Ordinarily, such disease is mild, although relapse with jaundice may occur. The 
importance of such patients as a source of infection in the community at risk is 
thought to be great. 

Adult Form. Characteristically, the disease may be divided into two phases — 
prc-icteric and icteric — in a large percentage of patients. In two large series of 
military patients, 83 per cent had a definite pre-icteric phase while 17 per cent 
had jaundice as the first sign of disease (149, 150) (Fig. 4). 

Anorexia is the most common and usually the first symptom in the pre-icteric 
phase. It is often insidious in appearance and particularly under conditions of 
military life, w r hen rations are monotonous, such early aversion to food constitutes 
a valuable aid in diagnosis. As the pre-icteric phase progresses, malaise, weak- 
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ness and nausea become evident. Vomiting is less common early in disease, 
although later, just before jaundice appears, it frequently occurs. Abdominal 
discomfort, particularly in the epigastrium and right upper quadrant, is common 
and may be intensified by activity. Among troops, it was observed repeatedly 
that jolting the body in a truck or jeep caused abdominal pain. Disorders of 
bowel function vary in different outbreaks, although they aro usually not a major 
complaint. Constipation is not uncommon, although in certain outbreaks 
diarrhea with flatulence occurs. 

Of those patients with a definite prc-ictcric phase, a variable percentage have 
fever. Since the determination of fever depends on objective observation, it is 
not easy to interpret the differences in incidence in various outbreaks. Under 
conditions of careful supervision, 100 per cent of a small group of volunteers, 
experimentally infected, had fever (110). In two large military groups (149, 150) 
fever was observed in 53 to 80 per cent of patients. In such patients, the onset 
of disease is usually abrupt with constitutional symptoms of malaise, headache, 
chill or chilliness, and generalized aches and pains. The temperature is often 
remittent with a daily elevation to 102° F., declining to normal over a period of 
5 to 7 days. A certain number of patients have daily elevations of temperature 
to 104° F. for the first 2 or 3 days. Prostration is not uncommon in such 
patients, and photophobia and aching eyes, with pain on motion of the eyes, are 
associated complaints. As in the afebrile patients, anorexia, nausea, vomiting 
and abdominal distress appear early in the course of disease. A variable per- 
centage of patients have symptoms of involvement of the upper respiratory tract. 

The icteric phase usually begins 1 or 2 days after the temperature becomes 
normal, although jaundice may appear during the febrile period. The duration 
and severity of jaundice vary from a slight, fleeting icterus of the sclerae to 
prolonged deep jaundice which may persist as long as 4 months. The average 
duration ranges between 20 and 30 days. Fever is usually absent in this phase, 
although anorexia, nausea, vomiting and abdominal discomfort persist in all 
degrees of severity, with an average duration of 9 to 10 days. The symptoms 
may last as long as 3 to 4 weeks in the severely sick patient, while they may dis- 
appear in the mild case almost as jaundice appears. Less common but trouble- 
some symptoms include somnolence, irritability and mental depression. Itching 
occurs in 12 to 21 per cent of patients and is usually associated with the period 
of increasing icterus, subsiding as jaundice diminishes (150, 151). 

Physical examination during the pro-icteric phase frequently offers little 
assistance in diagnosis. Moderate injection of the conjunctivae, with tenderness 
to pressure on the eyeballs, may be present. In patients with symptoms of 
upper respiratory tract disease, the mucous membranes of the nose and throat 
are often suffused. Barker et al. (149) have called attention to the frequent 
occurrence of lymphadenopathy particularly in the posterior cervical areas. 
Palpation of the epigastrium often causes a sensation of nausea, and there may be 
tenderness in the right upper quadrant, particularly late in the pre-icteric phase 
when the liver may become palpable. 

When jaundice becomes evident, the liver is palpable and usually tender in a 
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large percentage of patients. Ordinarily, tenderness subsides after 10 days, and 
the liver is no longer palpable after 2 weeks; however, both tenderness and he- 
patic enlargement may persist for several weeks in the severely sick patient. 
Splenomegaly, with tenderness to palpation, occurs in a small percentage of 
patients. Bradycardia is, at times, present in as many as 25 per cent of patients. 
Clinical evidence of pylorospasm, with dilatation of the stomach and abdominal 
distension, occasionally occurs. Relief of discomfort often follows vomiting of 
copious quantities of incompletely digested food. 

Jaundice reaches its peak, on the average, in 10 days. During the period of 
increasing jaundice, particularly when it- is severe, acholic stools are not uncom- 
mon. Loss of 5 to 10 pounds of body weight is a frequent occurrence, and more 
severely sick patients may lose 20 to 30 pounds. When jaundice reaches its peak, 
a striking amelioration of symptoms often occurs, with a return of sense of well- 
being. Appetite improves, and the average young adult, if urged, can eat as 
much as 4000 calories per day. Jaundice diminishes slowly, depending on the 
severity of the illness, age of the patient, physical status of the patient before 
hepatitis, and therapy received. In one group of military cases (150), the dura- 
tion of jaundice was 6 days longer in men over 30 years than in men under 30 
years. The period of hospitalization may range from a few days to several 
months, with an average of 50 to 60 days in military groups. Three months is 
a frequently accepted period for recovery, and it is not unusual for excessive 
activity during convalescence to produce an exacerbation of symptoms with 
abdominal distress. Barker et al. (149) have called attention to the danger of 
allowing men to return to duty too soon, and have advocated the use of a graded 
exercise tolerance test to determine ■when a patient is fit for full, strenuous 
activity. 

The facts suggest that acute hepatitis usually is a mild, benign and self-limited 
disease. Although the morbidity may be high and the course of disease in 
adults often prolonged and debilitating, the over-all mortality rate is low — under 
4 per 1000. When death does occur, the liver has the appearance usually de- 
scribed as acute or subacute hepatic necrosis. 

Complications are uncommon; an occasional patient develops pneumonia; 
neurologic disorders such as lymphocytic meningitis and myelitis have been 
reported (152-155). A small percentage of patients develop seborrheic derma- 
titis and labial herpes (150). 

In contrast to the majority of patients who apparently make an uneventful 
recovery, attention has been called to a small group of patients who have had 
either an interruption in their convalescence or a prolongation of symptoms and 
signs of disease beyond the usual period of expected recovery. Certain criteria 
for the diagnosis of relapse and chronic hepatitis make it possible to separate 
these patients into groups. 

Relapse. Relapse is not uncommon, and rates ranging from l\ to 18 per cent 
have been reported (150, 156). The relapse may be a duplication of the original 
attack or may be more severe. In one carefully supervised group of patients 
(Ivunkel et al. (157)), 14 per cent of 350 patients had relapse. Twenty per cent 
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of this group had no clinical signs or symptoms, and the evidence of relapse in 
these patients was furnished by serial determinations of hepatic function. Char- 
acteristically, relapse occurs after an apparently normal convalescence when the 
patient has been allowed to Tcturn to activity. Fatigue, anorexia, upper abdom- 
inal discomfort, with enlargement and tenderness of the liver, occur. The brom- 
sulphalein dye retention test becomes abnormal, and the thymol turbidity test 
becomes more strongly positive. Clinical jaundice may or may not appear. 
Tenderness of the liver is said to be one of the most important physical abnor- 
malities evident, while the degree of bromsulphalein dye retention is one of the 
most useful laboratory measures. ' Most patients with relapse make complete 
recovery, and Kunkcl ct al. (157) reported that only 2 of 49 such patients had 
evidence of chronic hepatitis at the end of 1 year after the onset of disease. 

Chronic Hepatitis. It is apparent that a small percentage of patients with 
acute hepatitis continue to have evidence of hepatic disease long after the ex- 
pected time of recovery- Characteristically, such patients have a classical his- 
tory of acute hepatitis, followed by partial recover}’, and then develop anorexia, 
lassitude, weakness and epigastric discomfort. The liver is often enlarged and 
tender, and the spleen is occasionally palpable. Jaundice is frequently not 
present but the bromsulphalein dye retention test, as well as the ccphnlin-clio- 
lesterol flocculation and thymol turbidity tests, is abnormal. 

Attention has also been called to the fact that a certain number of patients 
have complaints of anorexia, fatigue and abdominal discomfort 2 to 24 months 
after the onset of hepatitis, at a time when only an occasional test of hepatic 
function is abnormal (158). The term “post-hepatitis syndrome” (159, 160) 
has been used to describe this situation, and an analogy to "effort syndrome” has 
been made by Sherlock and Walslie (133). The difficulty of correlating sub- 
jective and objective evidence of hepatic disease during convalescence is empha- 
sized by these workers who performed biopsy of the liver of 20 such patients. 
The only changes in the liver were slight, residual, fibroUs, peri-portal infiltration 
in 3 men who were examined within 3 months of the initial illness. 

The exact size of the group which develops unequivocal evidence of chronic 
hepatitis is not known, but the bulk of evidence suggests that it is small. Barker 
et al. (161) reported that 5 per cent of one large group of military patients fell in 
this category 4 months after the onset of hepatitis. Unfortunately, adequate 
follow-up of these patients was not possible, so that the eventual prognosis could 
not be determined. In a carefully controlled study, however, Kunkel et al. (157) 
reported that only 2.3 per cent of 350 young male patients failed to make a com- 
plete recovery from acute hepatitis at the end of 1 year. 

The progression of acute hepatitis to multiple nodular hyperplasia, post- 
necrotic cirrhosis, or diffuse portal cirrhosis has been suggested by clinical and 
epidemiologic observations (134-136, 138, 139, 142, 102). More recently, this 
concept has been substantiated by information derived from biopsies of the liver 
in various stages of disease (13, 131, 137). How often viral hepatitis progresses 
to cirrhosis of the liver is not known, but the available evidence suggests that it 
occurs infrequently. 
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The conditions which cause relapse or prolongation and progression of disease 
are not known exactly, although it has been frequently suggested that premature 
indulgence in alcohol or excessive activity, and untoward reaction to drugs such 
as sulfonamides may act as predisposing factors. In addition, the disease is 
apparently more severe among older age groups and in previously debilitated 
patients. However, a certain number of patients have relapse in spite of what 
appears to be ideal therapy. It is not known whether patients with relapse or 
chronic hepatitis are infectious and have virus in their blood and stool, or whether 
such occurrences merely represent the physiological inadequacy of the liver 
damaged by the initial infection. 

LABORATORY STUDIES 

The Blood. The amount of hemoglobin and the number of erythrocytes are 
usually normal except in certain patients who have prolonged, chronic, debili- 
tating illness. Such patients may develop secondary anemia. Several observers 
(134, 149, 163-165) have called attention to the regular pattern of leukocytic 
response of patients with infectious hepatitis. Characteristically, there is early 
leukopenia, with both lymphopenia and neutropenia. Subsequently, relative 
lymphocytosis with the appearance of numerous atypical lymphocytes com r 
monly occurs. These changes 'are associated with the acute, febrile phase of 
disease, and a normal relationship between the various cellular components of the 
blood is found by the end of the 2nd week. The leukocytic changes observed are 
similar to those found in a number of other acute infectious diseases caused by 
viruses, i.e., measles (166), dengue (167), sand-fly fever (168), and the suggestion 
has been made that they represent a characteristic hematologic response to a 
broad group of infectious diseases (165). Of particular interest is the fact that 
the atypical lymphocytes found in infectious hepatitis are not to be differentiated 
from the cells usually considered pathognomonic of infectious mononucleosis. 

Coagulation and Bleeding Time. In the small groups of patients in whom the 
coagulation and bleeding time have been recorded, the determinations have been 
within normal limits (150). The fragility of the erythrocytes is usually normal 
(150, 169), although in one group of patients slight decrease in fragility was re- 
ported during the early icteric phase (170). The prothrombin time may be in- 
creased in patients with severe disease, but the administration of Vitamin K 
parenterally causes improvement (156). 

The sedimentation rate of erythrocytes is usually not increased early in disease 
(63, 171-173), and this has been cited as an important differential point in the 
diagnosis of malaria in which an increased sedimentation rate is present by the 
3rd day of disease (174, 175). When jaundice becomes apparent, the rate of 
sedimentation increases and may persist for many weeks. The fact that the 
serum globulin is elevated for as long as 3§ months in many patients may offer a 
partial explanation for the prolonged elevation of the sedimentation rate (l/'6). 

Cold Agglutination of Erythrocytes. Tests for cold agglutinins have been per- 
formed on a large number of patients in various stages of infectious hepatitis 
without positive results (177). 
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Serology. Although no specific diagnostic test has been developed for infectious 
hepatitis, certain serologic responses have been observed. Eaton et al. (178) and 
others (179, 180) described a complement fixation test employing as antigens 
saline extracts of normal liver and liver from patients dying of hepatitis. When 
tested against serum from patients in various stages of hepatitis, complement 
fixation was observed in about one-tliird of the patients. Positive tests were 
also found in a smaller percentage of normal patients and in patients with atypical 
pneumonia (178). Olitzki and Bcrnkopf (181) used similar antigens to demon- 
strate precipitins in the sera of patients with hepatitis. These tests possibly 
indicate organ specificity but are unrelated to infectivity, and have little practical 
value. 

Eaton and his group (178) also reported that 34 per cent of a group of patients 
in the acute phase of hepatitis developed an hctcropliilc antibody which is ab- 
sorbable on boiled guinea pig kidney and human liver. Other efforts to demon- 
strate hetcrophilo antibody in large military groups and carefully studied volun- 
teers with hepatitis have been less successful, and in one group of 508 men on 
whom 2000 tests were performed only 10 (3 per cent) were found to have hetcro- 
pliile antibody in a titer of 1:50. This antibody was absorbed on boiled guinea 
pig kidney (177). Reports of falsely positive Wassermann and Kahn reactions 
in as many as 20 per cent of patients with infectious hepatitis have appeared 
(182, 183). In contrast is a recent survey of 388 known non-luetic patients (177) 
in which only 1.5 per cent developed positive Kahn tests, and another 2.5 per 
cent had doubtfully positive tests. 

Chlorides. It has been observed that during the acute early icteric phase of 
disease there is an increase in the interstitial fluid compartment with a tendency 
to store ingested water. Diminished amounts of chlorides in the plasma and 
urine arc associated with this. During convalescence and restitution of normal 
hepatic function, diuresis frequently occurs after mobilization of the excess 
amounts of interstitial fluid. The tendency to store water also diminishes at 
this time (Labby and Iloagland (184)). 

The level of Vitamin A in the plasma is low normal or diminished in proportion 
to the severity of disease during the acute phase, becoming normal during con- 
valescence. Hie lipids and phospholipids are sharply increased during the icteric 
phase, returning to normal in convalescence (156). 

Tests of Hepatic Function. Among the important problems created by the 
greatly increased incidence of infectious hepatitis have been: (1) the desirability 
of establishing the diagnosis in the pre-icteric phase or in those patients who fail 
to develop jaundice; (2) the evaluation of the degree and duration of hepatic 
damage after convalescence. Because of the lack of a specific serologic test, 
early laboratory diagnosis depends on the demonstration of evidence of hepatic 
damage. Such evidence is non-specific, and its value exists largely in certain 
supportive clinical and epidemiologic data. In order to define early hepatic 
damage and to determine residual hepatic damage in convalescence, certain 
groups of laboratory tests have been selected. Considerable experience in evalu- 
ating the application of these tests to all stages of infectious hepatitis has resulted 
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in the definition of a consistently regular pattern of response in the disease (63, 
185-188). . It is of interest that those tests which are of value in early diagnosis 
are ordinarily less valuable in determining the degree of recovery. The first test 
to become positive is usually the bromsulphalein dye retention test (3rd day), 
and bilirubinuria appears soon thereafter (3rd to 4th day) before the serum bili- 
rubin increases above normal. The cephalin-cholesterol flocculation becomes 
positive in a significant number of cases on the 4th to 5th day when the immediate 
direct-reacting serum bilirubin also increases above normal. The total serum 
bilirubin is increased above normal, on the average, on the 6th to 7th day, and 
the urine urobilinogen is increased at this time. 

By the time jaundice is evident, the flocculation tests, including the cephalin- 
cholesterol, thymol, and colloidal gold tests, are positive in a large percentage of 
patients. A sharp depression of cholesterol esters occurs at this time (156). 
It has been previously noted that bilirubinuria appears before the total serum 
bilirubin is elevated ; the converse is true during recovery, and bilirubinuria dis- 
appears before the total serum bilirubin is normal and even while jaundice is still 
evident (63, 185, 186) . The exact explanation of this phenomenon is not known. 
Attempts to correlate the appearance of bilirubinuria with increased immediate 
direct-reacting serum bilirubin have not been successful (189). 

Jaundice usually disappears and the serum bilirubin becomes normal in the 
5th to 6th week, and at this time the bromsulphalein dye retention test ordinarily 
is normal. The cephalin-cholesterol flocculation and thymol turbidity tests 
become negative in that order, with significant numbers of patients having nega- 
tive cephalin flocculations in from 6 to 10 weeks, and negative thymol turbidity 
tests in 8 to 12 weeks (188). A small number of patients have persistently posi- 
tive flocculation tests for several months. The exact significance of this is 
undetermined, although in certain patients attention has been called to the fact 
that persistent, strong positivity of the thymol turbidity test may precede relapse 
(156,190). ! 

Proteins in the Blood. Of considerable interest is the pattern of alteration in 
serum proteins' in infectious hepatitis. Several studies (176, 191-193) have 
indicated that the characteristic changes consist of an early decline in serum 
albumin, with an increase in serum globulin. Attention has been called to the 
fact that these changes are similar to those observed in a number of other acute 
infectious diseases. These changes are present by the beginning of the 2nd week 
of disease. The increase in globulin is largely of the gamma globulin fraction. 
Ordinarily, the albumin becomes normal by the 5th week of disease, although the 
serum globulin persists at a level higher than normal for as long as 3| months. 
The exact significance of this is undetermined, although the possibility must be 
considered that the increase in globulin may indicate a persistence of ’ antibody 
(17 6). 

OTHER DATA 

Estrogens and Androgeiis. During the acute phase of hepatitis, young men 
reveal a significant rise in the urinary excretion of estrogen which is maintained 
in diminishing amounts until late in convalescence. In such patients, the excre- 
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ion of 17-ketostcroids is low in the acute pliaso of disease, with increase to normal 
n the period from the 3rd to 7th week. Gilder and Iloagland (194) have sug- 
;cstcd that in acute hepatitis this need not represent a reciprocal relationship 
,inco in all cases the 17-kctosteroids increased in the urine before the estrogen 
Increased, so that the early depression of tho 17-lcctostcroids may have been due 
o the secondary effects of the disease, such ns wasting and general debility, rather 
ban to an increase in the circulating estrogens. Of interest in this regard is the 
ibservation of gynecomastia occurring during the course of acute hepatitis (195). 

Rocnlgcnographic Changes. Poschl (125) described alterations in tho antral 
lortion of the stomach and the first- part of the duodenum in patients late in con- 
valescence from acute hepatitis. These changes wero considered indicative of 
;astroduodenitis. In a group of volunteers with experimentally induced in- 
ectious hepatitis, Havens ct al. (12G) reported that 4 out of 11 men developed 
ividencc of gastroduodenilis during the late prc-ictcric or early icteric phase, 
rhese men had all had normal gastro-intcstinnl roentgenograms before experi- 
ncntal infection. 

Gastroscopic Changes. Knight and Cogswell (127) described changes in the 
stomach interpreted as superficial gastritis in 7 out of 9 patients during the pre- 
icteric and early icteric phases of infectious hepatitis. Small aphthous ulcers 
acre observed in the antrum. A similar study made by Havens ct al. (120) of 
B volunteers in the pre-ictcric or early icteric phase of experimentally induced 
infectious hepatitis revealed changes in the gastric mucosa of 3 men, compatible 
with a diagnosis of superficial gastritis. The mucosa was fiery red and edema- 
tous, with pools of exudate between the mucosal folds. In 2 of these men, the 
changes had receded when examined during convalescence, while the third man 
still had evidence of the earlier changes 7 weeks after the onset of disease. All 
of these men had normal-appearing gastric mucosa (by gastroscopy) before 
experimental inoculation. In contrast to these findings are the essentially nor- 
mal observations of Bank and Dixon (196) ; however, gastroscopy was performed 
in most of their patients at least 3 weeks after onset of hepatitis when changes 
in tho gastric mucosa might conceivably have disappeared. 

Electrocardiographic Changes. Observations of pationts during the acute phase 
of hepatitis have revealed certain electrocardiographic changes (150, 197, 198). 
Hoagland and Shank (150) described partial heart block in a small number of 
patients. The prolongation of the PR interval was at times associated with 
bradycardia, and both were altered by the administration of atropine. However, 
in other patients rapid heart rate accompanied the prolongation of PR interval, 
suggesting that vagotonia was not the predominant mechanism in causing the 
heart block. Others (198) have described a depression of the T wave during the 
icteric period, becoming normal during convalescence. 

DIFFERENTIAL DIAGNOSIS 

Diagnosis in the pre-icteric phase must be made on the basis of epidemiologic 
and clinical data, since there is no specific serologic test for infectious hepatitis, 
this also applies to patients in whom jaundice never becomes apparent. The 
i Eculty in early diagnosis is emphasized by the fact that the early constitutional 
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symptoms associated with high fever in the pre-icteric phase made this disease 
one of the important causes of “fever of undetermined origin” in the North 
African theatre during World War II (30) . Barker et al. (149) have emphasized 
the diagnostic importance of tenderness to percussion over the liver early in 
disease, with posterior cervical adenopathy and splenomegaly. Palpation of the 
epigastrium frequently causes nausea. Attention has been directed to the leuko- 
cytic response of patients in the acute, pre-icteric phase of disease when leuko- 
penia and subsequent relative lymphocytosis with numerous large atypical 
lymphocytes occur. Evidence of hepatic dysfunction may be suggested early 
by certain non-specific tests which have been discussed under the section on 
Tests of Hepatic Function. 

During the febrile pre-icteric phase, the diseases to be considered are: acute 
bacillary dysentery, typhoid and paratyphoid fever, malaria, sand-fly fever, dengue, 
pharyngitis with fever, acute appendicitis and infectious mononucleosis. When 
jaundice appears, the following conditions may be considered: acute and subacute 
cholangitis, Weil’s disease and yellow fever. Jaundice may also occasionally de- 
velop in a variety of acute and chronic infections, as in malaria, brucellosis and 
amebiasis, occasionally in pneumococcal pneumonia, general septicemias, syphilis, 
both congenital and acquired (secondary), and not infrequently in infectious 
mononucleosis. The subsequent course of disease, the results of tests of hepatic 
function, the leukocyte count, the geographic location, and the demonstration of 
specific etiologic agents or their antibodies make the, distinction between these 
diseases evident. Jaundice occurring during the course of infectious mononucle- 
osis may be distinguished by the appearance, after the first week, of a charac- 
teristic course with more pronounced lymphadenopathy. Leukocytosis is com- 
mon in infectious mononucleosis, but the atypical lymphocytes customarily 
thought characteristic of this disease are not to be differentiated from those found 
in patients with infectious hepatitis. A transient and fairly high increase in 
heterophile antibody (sheep cell agglutination) occurs often in infectious mono- 
nucleosis at titers of 1:128 to 1: 1024 or more. Elevated titers may also occur 
in a small percentage of patients with infectious hepatitis, but they rarely rise 
above a titer of 1 : 56, and this heterophile antibody is absorbable on boiled guinea 
pig kidney and human liver (177, 178). 

In addition to the jaundice associated with various infections, other types of 
jaundice to be distinguished include: (1) hemolytic, either congenital or acquired 
as a result of the effect of various toxic agents; (2) hepatocellular, resulting from 
toxicity of chemicals, notably the halogenated hydrocarbons; cirihosis of the 
liver; primary or metastatic carcinoma of the liver; and (3) obstructive, due to 
extra- or intra-obstruction of the biliary tract by calculus or neoplasm. The 
differential diagnosis of jaundice is particularly difficult in older patients. Care- 
ful correlation of the history, clinical findings, results of tests of hepatic function, 
and often biopsy of the liver are necessary to establish the diagnosis. 

TREATMENT 

Juvenile Cases. The mildness of the disease in childhood apparently does not 
necessitate quite as strict a therapeutic regimen as is required in adults. It js 
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not unusual to find children up and about, making an uneventful convalescence 
a few days after jaundice has appeared (110). However, the general principles 
for the care of these patients are similar to those described for adults. Since 
relapse may occur in juvenile cases, convalescence should be carefully supervised. 

Adult Cases. The treatment of the disease is essentially symptomatic and 
non-specific. None of the chemotherapeutic or antibiotic agents now known has 
any beneficial effect. Limited therapeutic trials of methionine and choline, and 
crude liver extract administered intravenously (63, 156, 199-201) have been 
unsuccessful, although the groups treated were small and further clinical investi- 
gation is justified before reaching a definite conclusion. Human gamma globulin 
has also been of no apparent therapeutic value when given after the onset of 
disease (63, 202). The two most important therapeutic principles which have 
been emphasized are the provisions of bed rest and adequate did (149, 161, 203, 
204) . Actually, many of the precepts of therapy were derived from the observa- 
tion of this disease in troops who had been debilitated by severe physical hard- 
ship. It is entirely possible that the therapeutic regimen might be modified in 
those patients who start their disease in relatively good physical condition. 
Further evaluation of the effects of rest and diet is necessary. 

Early in the course of disease when anorexia, nausea, vomiting or abdominal 
distress may be severe, it may be necessary to supplement oral intake with fluids 
administered parenterally in the form of 10 per cent glucose in sterile, distilled 
water, or 5 per cent glucose in sterile isotonic solution of sodium cldoride. A 
prominent feature of infectious hepatitis is loss of weight, ranging from 10 to 50 
pounds, suggesting the necessity of high caloric intake. Recent studies by Hoag- 
land ct al. (205) showed that the addition of cream, milk, butter and eggs to the 
diet makes it possible to increase the calorics ingested, replace the weight lost 
almost from the first day, and shorten the period of convalescence with an earlier 
return to normal of certain tests of hepatic function. Such a diet should contain 
150 grams of protein, 250 grams of carbohydrate, 150 grams of fat high in unsat- 
urated fatty acids of short carbon chains. Supplemental vitamins may be added 
to the diet, although their absorption or utilization is uncertain. When there is 
diminution of plasma prothrombin, the parenteral administration of Vitamin IC 
(Hykinone 2.4 mg. L;V gr.)) daily for 7 days is of benefit. Opiates and barbit- 
urates, particularly the former, are not well tolerated by patients with infectious 
hepatitis, and should he used with caution. The harmful effects of alcohol have 
been stressed without adequate evidence. 

In convalescence, a full, unrestricted, well-balanced diet containing from 3000 
to 4000 calories with at least 150 grams of protein and 400 grams of carbohydrate 
has been recommended. Emphasis has been placed on the value of a large 
amount of protein in the diet, although there is suggestive evidence that a well- 
balanced, high caloric diet, adequate in all components, is equally effective (205, 
206). More extensive investigation is necessaiy to evaluate the comparative 
effects of various dietary regimens. In the average case, jaundice is gone after 
the 4lh or 5th week. At this time, if the bromsulphalein dye retention test is 
within normal limits, Barker et al. (149, 161) have recommended that the patient 
be allowed out of bed, beginning graduated activity according to an exercise 
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tolerance test. The duration of bed rest necessary has been computed largely 
from the results of experience with combat troops (149, 161). Further investi- 
gation is needed to determine the period of bed rest required for patients in 
ordinary military or civilian life. 

Prognosis. During the acute phase, the immediate prognosis is excellent 
However, observation of the records of patients who have died (129) indicates 
that it is practically impossible to predict a fatal outcome until shortly before 
death because of the fulminant course which the disease may rarely take. During 
the acute phase, mental confusion is regarded as a serious prognostic sign. The 
disease is thought to be more severe in patients over 40 years of age; in those who 
give a history of hepatitis in the recent past or of exposure to known hepatotoxic 
agents such as carbon tetrachloride; or in chronic alcoholism. In general, those 
patients who have severe jaundice are more likely to have a prolonged illness 
(150) . Gauld has reported that the mortality rate increased in American troops 
in the European and North African epidemics, with a 5-fold increase in the death 
rate in the year 1944-1945 when compared with the preceding 15 months (31). 

Prophylaxis and Control. Epidemiologic observations and experimental 
studies suggest that the intestinal- oral route may be one of the natural ways of 
spread of infectious hepatitis. In support of this concept are the following facts : 
(1) virus is known to be present in the feces of patients in the acute phase of dis- 
ease, and may be transmitted to man by feeding; (2) infectious hepatitis fre- 
quently flourishes in environments where sanitation is poor; (3) water-borne, 
food-borne and milk-borne epidemics have been reported. 

For this reason, procedures which tend to interrupt the intestinal-oral route 
have been recommended to control the spread of this disease. Suggested meas- 
ures include the improvement of the general sanitation of camps and institutions, 
fly abatement, sterilization of food receptacles, the elimination of possibly in- 
fected food handlers, and prevention of fecal contamination of food, water and 
milk supplies.. Control of water supply is important, but the degree of chlorina- 
tion effective against hepatitis virus is not yet determined. Neefe et al. (207) 
have shown that 30-minute total and free residual chlorine concentrations of 1.1 
and 0.4 p.p.m. respectively are apparently effective in inactivating hepatitis virus 
in water which has been previously coagulated, settled and filtered. Without 
the preliminary treatment, however, the same 30-minute residual total chlorine 
concentration (1 p.p.m.) was ineffective (82). 

Detection of human carriers or subclinical cases is impossible because of the 
lack of either a specific immunologic test or a susceptible laboratory animal with 
which to determine the presence of virus. However, every possible effort should 
be made, particularly in respect to food handlei'S. The general control measuies 
for enteric infection should be observed, and the feces and urine should be steri- 
lized. Particular effort should be made to sterilize all needles and syringes which 
come in contact with the blood of such patients. Moreover, stylets or needles 
used to obtain blood for blood counts should be sterilized after use on such pa- 
tients. It is as yet unknown how long virus remains in the stool or blood. Since 
the limits of infectivity are not determined, it is advisable to regard the stools as 
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potentially infectious for at least 1 month after the onset of disease, and to advise 
against such patients’ acting as blood donors for at least 1 to 2 years after the 

onset of disease. . , , , 

Specifically, normal human gamma globulin (117-119) in a dosage ranging from 
0.0G to 0.12 cc. per pound of body weight, administered intramuscularly , is an 
effective prophylactic when given up to within 0 days before the onset of disease. 
For the average adult, 10 cc. is sufficient. It is estimated that such passive pro- 
tection lasts 0 to 8 weeks. Passive immunization is recommended for exposed 
persons who, by reason of their general condition, are not likely to tolerate an- 
other illness; for certain family outbreaks; and to interrupt occasionally the course 
of epidemics in institutions or camps. 

HOMOLOGOUS SEUUM HEPATITIS (POST-VACCINAL HEPATITIS; 

INOCULATION JAUNDICE; TRANSFUSION JAUNDICE; 

LATE A nS PHENAMINE JAUNDICE) 

Introduction. Reference has been made to the appellative dilemma into which 
the nomenclature of viral hepatitis has fallen. The artificial definition, homolo- 
gous scrum hepatitis, has been used to describe arbitrarily a form of hepatitis 
ordinarily induced by the parenteral inoculation of human blood or its products 
obtained from a person who, though not apparently ill, is carrying the causative 
virus in his blood. In this way, tens of thousands of infections have been pro- 
duced accidentally in persons who have received injections of human convales- 
cent serum, vaccine containing human serum, plasma, and Tnrely whole blood. 
During the years of World War II, the simultaneous occurrence of large out- 
breaks of such artificially induced hepatitis, as well as epidemics of the naturally 
occurring disease, infectious hepatitis, made it possible to study certain aspects 
of the relationship between these two forms of disease. 

History. In retrospect, it seems likely that the outbreak of. jaundice following 
vaccination with glycerinated humanized lymph (small pox vaccine) described 
by Lurman (208) in 1885 represented homologous serum hepatitis. In 1920, 
Stokes et al. (209) and, later, Ruge (210, 211) suggested that the increased inci- 
dence of jaundice among syphilitic patients treated with arsenical drugs and 
bismuth was caused by an infectious agent rather than a chemical. However, 
it is only within recent years that the concept of the viral etiology of homologous 
serum hepatitis was evolved. Findlay and his associates (212-214) described 
the occurrence of jaundice following immunization against yellow fever, and were 
the first to suggest that the etiologic agent was fiitrable and derived from the 
human serum used to prepare the vaccine. Numerous reports of other similar 
outbreaks of jaundice associated with immunization with yellow fever vaccine 
(215-217), pappataci fever vaccine (218), measles convalescent serum (219, 220), 
pooled mumps convalescent plasma (221, 222), and transfusions of pooled plasma 
or blood (223-230) have appeared. Records of the U. S. Army epidemic of 1942 
revealed 51,337 cases of homologous serum hepatitis following the administration 
of icterogenic yellow fever vaccine (101, 237-239). It is now apparent that this 
form of hepatitis may also be transmitted from patient to patient by improperly 
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sterilized syringes or needles employed in giving anti-syphilitic therapy (240-249), 
or penicillin (250-252), or in withdrawing blood (253, 254) for various procedures 
such as observation of the erythrocyte sedimentation rate or blood counts. - 

EXPERIMENTS IN TRANSMISSION OF VIRUS TO ANIMALS 

As in infectious hepatitis, the virus causing homologous serum hepatitis in man 
has not been transmitted to laboratory animals. Attempts to transfer the disease 
to rhesus monkeys, rabbits, mice in the embryonic stage and new-born, cotton 
rats, pigs, Syrian hamsters, guinea pigs, horses, young chicks, and embryonating 
hen’s eggs and tissue culture have been unsuccessful (239, 255-260). 

Several reports have appeared, describing hepatitis in horses following the 
administration of homologous serum alone or in conjunction with vaccines for 
the purpose of conveying active or passive immunity against “horse sickness” 
(261), equine encephalomyelitis (262-264), anthrax (265), and Clostridium welchi 
toxins, (Gordon; cited by Findlay and MacCallum (213)). Whether any rela- 
tionship exists between the agent causing equine hepatitis and homologous serum 
hepatitis in man is not known. 

EXPERIMENTS IN TRANSMISSION OF VIRUS TO VOLUNTEERS 

The available information about homologous serum hepatitis virus has been 
derived largely from experiments in its transmission to volunteers (Table IV). 
In 1943, Oliphant et al. (217) reported the transmission of hepatitis to volunteers 
by the parenteral inoculation of serum obtained from patients in the acute phase 
of homologous serum hepatitis, resulting from the administration of known 
icterogenic yellow fever vaccine. These results were corroborated and extended 
by others (260, 266-271). It was shown that the virus is filtrable through Berke- 
feld N and Seitz E IC filters, and is resistant to temperatures of 56° to 60° C. for 
at least 30 minutes. It survives at a temperature of 4° C. for a long period (217) ; 
at a temperature of —10° to -20° C. for 4| years, but apparently becoming 
inactive after 5 years at this temperature (282) ; in a desiccated state at room 
temperature for at least a year (267) ; in serum containing merthiolate in concen- 
tration 1:2000 (221), in a mixture of equal parts of phenol and ether in 0.5 per 
cent concentration (225), and in a 0.2 per cent concentration of tricresol (213, 
214) . It is inactivated in serum following exposure to ultraviolet light for 1 hour 
at 2650 Angstrom units (272) ; heating to 60° C. for 10 hours in human albumin 
apparently destroys infectivity (283). This virus is transmissible to volunteers 
in serial passage, and evokes homologous immunity (122, 123). 

Attempts to demonstrate virus in the feces of patients in the acute phase of 
disease have been unsuccessful (86, 268, 273). In addition, the disease has not 
yet been transmitted experimentally by the oral route with two possible excep- 
tions (255, 260). This latter point may be of importance in the failure to detect 
vims in the feces, since most of the volunteers employed in these experiments 
ingested the material to be tested, while only a few received it parenterally. 

Limited attempts to detect vims in nasopharyngeal washings and urine have 
also been unsuccessful, with the possible exception of a single report by Findlay 
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and Martin (255) who described the occurrence of jaundice in a volunteer 50 days 
'after intranasal inoculation of nasopharyngeal washings from a patient in the 
acute phase of hepatitis caused by the administration of yellow fever vaccine. 
This experiment was performed in West Africa where infectious hepatitis was 
endemic, and it is impossible to be sure that it represents an example of this mode 
of transmission of disease. The number of experiments performed to date are 


TABLE IV 

Results of Administration to Volunteers of Materials Obtained from Patients in 
the Acute Phase of Homologous Scrum Jaundice 
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0 = oral; IG = intragastric; P = parcntoral; IN = intranasal. 

Although the occurrence of non-icteric hepatitis is recognized, only jaundiced cases 
in whom the diagnosis could bo definite, are recorded here. 


insufficient to offer final and conclusive evidence as to whether serum hepatitis 
virus is in the urine, nasopharyngeal washings, or feces; or whether the disease 
can be produced by the ingestion of infectious material. It is of interest in this 
regard that Havens et al. (79, 273) and Neefe et al. (122, 123) have failed to trans- 
mit serum hepatitis to volunteers by the oral inoculation of infectious serum 
which produced the disease regularly when inoculated parenterally. 

It is not known when virus appears in the blood or how long it remains there 
in homologous serum hepatitis. The accidental contamination of pools of serum 
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sterilized syringes or needles employed in giving anti-syphilitic therapy (240-249) 
or penicillin (250-252), or in withdrawing blood (253, 254) for various procedures 
such as observation of the erythrocyte sedimentation rate or blood counts. ■ 

EXPERIMENTS IN TRANSMISSION OP VIRUS TO ANI MAL S 

As in infectious hepatitis, the virus causing homologous serum hepatitis in man 
has not been transmitted to laboratory animals. Attempts to transfer the disease 
to rhesus monkeys, rabbits, mice in the embryonic stage and new-born, cotton 
rats, pigs, Syrian hamsters, guinea pigs, horses, young chicks, and embryonating 
hen’s eggs and tissue culture have been unsuccessful (239, 255-260). 

Several reports have appeared, describing hepatitis in horses following the 
administration of homologous serum alone or in conjunction with vaccines for 
the purpose of conveying active or passive immunity against “horse sickness” 
(261), equine encephalomyelitis (262-264), anthrax (265), and Clostridium welchi 
toxins, (Gordon; cited by Findlay and MacCallum (213)). Whether any rela- 
tionship exists between the agent causing equine hepatitis and homologous serum 
hepatitis in man is not known. 

EXPERIMENTS IN TRANSMISSION OF VIRUS TO VOLUNTEERS 

The available information about homologous serum hepatitis virus has been 
derived largely from experiments in its transmission to volunteers (Table IV). 
In 1943, Oliphant et al. (217) reported the transmission of hepatitis to volunteers 
by the parenteral inoculation of serum obtained from patients in the acute phase 
of homologous serum hepatitis, resulting from the administration of known 
icterogenic yellow fever vaccine. These results were corroborated and extended 
by others (260, 266-271) . It was shown that the virus is filtrable through Berke- 
feld N and Seitz E K filters, and is resistant to temperatures of 56° to 60° C. for 
at least 30 minutes. It survives at a temperature of 4° C. for a long period (217) ; 
at a temperature of -10° to -20° C. for 4J years, but apparently becoming 
inactive after 5 years at this temperature (282); in a desiccated state at room 
temperature for at least a year (267) ; in serum containing merthiolate in concen- 
tration 1:2000 (221), in a mixture of equal parts of phenol and ether in 0.5 per 
cent concentration (225), and in a 0.2 per cent concentration of tricresol (213, 
214) , It is inactivated in serum following exposure to ultraviolet light for 1 hour 
at 2650 Angstrom units (272) ; heating to 60° C. for 10 hours in human albumin 
apparently destroys infectivity (283). This virus is transmissible to volunteers 
in serial passage, and evokes homologous immunity (122, 123). 

Attempts to demonstrate virus in the feces of patients in the acute phase of 
disease have been unsuccessful (86, 268, 273) . In addition, the disease has not 
yet been transmitted experimentally by the oral route with two possible excep- 
tions (255, 260). This latter point may be of importance in the failure to detect 
virus in the feces, since most of the volunteers employed in these experiments 
ingested the material to be tested, while onfy a few received it parenterally. 

Limited attempts to detect virus in nasopharyngeal washings and urine have 
also been unsuccessful, with the possible exception of a single report by Findlay 



INFECTIOUS HEPATITIS 


309 


and Martin (255) who described the occurrence of jaundice in a volunteer 50 days 
after intranasal inoculation of nasopharyngeal washings from a patient in the 
acute phase of hepatitis caused by the administration of yellow fever vaccine. 
This experiment was performed in West Africa where infectious hepatitis was 
endemic, and it is impossible to be sure that it represents an example of this mode 
of transmission of disease. The number of experiments performed to date are 
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P 

ISO 

33 

2S-133 


OHphant et al. (217) 


P 

10 

4 

ESaEl 


Oliphant et al. (217) 


IN 

3 

0 



MacCallum & Bauer (200) 


P 

10 

0 

50-127 


MacCallum & Bauer (200) 

1914 

IN 


1 

80 (30) 


Havens et al. (79, 273) 

1944-40 

P 

13 

7 

50-71 


Havens et al. (79, 273) 

1944-15 

O & IN 

13 

0 



MacCallum (2G8) 

1945 

P 

19 

12 



Neefe et al. (123) 

1940 

P 

25 

14 



Ncefo et al. (123) 

1940 

O 

m 

0 


Naso- 

Findlay & Martin (255) 

1943 

IN 


1 

.50 

pharyn- 

MacCallum (2G8) 

1945 

-IN 


0 


geal 

Neefe et al. (123) 

1940 

IN &0 


0 


washingB 

• 






Urine 

Neefe et al. (123) 

1940 

O 

i 

0 



O = oral; IG = intragastrio; P *= parenteral; IN = intranasal. 

Although the occurrence of non-icteric hepatitis is recognized, only jaundiced cases 
in whom the diagnosis could be definite, are recorded here. , 


insufficient to offer final and conclusive evidence as to whether serum hepatitis 
virus is in the urine, nasopharyngeal washings, or feces; or whether the disease 
can be produced by the ingestion of infectious material. It is of interest in 
regard that Havens et al. (79, 273) and Neefe et al. (122, 123) have failed to trans 
nut serum hepatitis to volunteers by the oral inoculation of infectious semm 
which produced the disease regularly when inoculated parenterallv 
. * 18 " ot lcnown wh ® n virus a PPears in the blood or how long it remains them 

m homologous serum hepatitis. The accidental contamination of P o"semm 
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or plasma by the blood of persons carrying virus while apparently in a state of 
good health suggests that a carrier state may exist more often than is suspected. 
The period of infectivity of patients with this disease has been investigated in a 
limited number of experiments (Table V). 

Virus has been detected in the blood of volunteers during the incubation period 
as well as the acute phase of disease. Neefe et al. (267) recovered virus from the 
blood 87 days before the onset of hepatitis; Paul et al. (269) detected it 60 days 
before the appearance of jaundice, and Havens (273) found it 16 days before the 
appearance of j aundice. Efforts to detect virus in the blood during convalescence 
have been unsuccessful at intervals of 1 to 5 months after the onset of disease 
(217, 255, 273). As in infectious hepatitis, it is not known whether a carrier 
state may exist after recovery, or whether patients with relapse or chronic hepa- 
titis are infectious. 


TABLE V 


Results of Parenteral Inoculation of Volunteers with Serum of Patients in Various Stages 
of the Incubation Period and Convalescence of Homologous Serum Jaundice 


AUTHORS 

YEAS 

DAY OF DISEASE 
SERUM OBTAINED 

NUMBER OF 
VOLUNTEERS 



Inoculated 

Jaundiced 

Neefe et al. (267) 

1944 

-87 

2 

2* 

Paul et al. (269) 

1945 

-60 

S 

3 

Havens (273) 

1946 

-16 

4 

1 

Havens (273) 

1946 

28 to 32 

5 

0 

MacCallum & Bauer (260) 

1944 

66+ 

5 

0 

iVTanCallnm & T^p.nnr (2fi0) 

1944 

141+ 

5 

0 

Oliphant et al. (217) 

1943-44 

75 post-jaundice 

15 

0 





* No definite statement of jaundice. 
(+) = after appearance of jaundice. 
(— ) = before onset of disease. 


EPIDEMIOLOGY 

The geographic distribution of homologous serum hepatitis is not known, but 
there is evidence to suggest that it is widespread since it has been described in 
such widely separated areas as the United States (239), Brazil (215), Russia (218), 
England (213, 219), Sweden (254), and the Middle East (269). 

Season. In view of the fact that the present definition of this disease necessi- 
tates the concept of artificial inoculation, the seasonal incidence is related entirely 
to the time of preceding injection of infectious materials. Thus, outbreaks may 
occur at any tim e and, up to the present, there is no evidence to suggest that 
climatic variations affect morbidity rates although it has been suggested that 
physical hardship may precipitate clinical disease in persons carrying virus (77). 

Age. Reports of this form of hepatitis in children have been uncommon (219, 
220) but young adults are highly susceptible, as indicated by the experience of 
recent years. There is suggestive evidence that older age groups are more sus- 
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ceptible to this disease than to naturally occiuring infectious hepatitis. How- 
ever, the possibility must be considered that many older patients are in a debili- 
tated state of health when they receive potentially large amounts of infectious 
material in the form of plasma or whole blood. 

Incubation Period. The incubation period is long, and is said to range from 
4 to 25 weeks, usually being from 40 to ICO days (239). In experimentally in- 
duced disease in volunteers, the incubation period ranged from 28 to ICO days. 

Mode of Spread of Disease. It has been observed that secondary cases are 
uncommon among contacts of patients with homologous serum hepatitis, al- 
though they do occur (239). It is impossible, at present, to determine whether 
such secondary cases represent actual contact cases or examples of the naturally 
occurring epidemic disease. Experimentally, the available evidence suggests 

TABL'D VI 


Results of Attempts to Demonstrate Immunity and Cross Immunity in Volunteers Convalescent 
from Experimentally Induced Homologous Serum Jaundice 



WAR 

1 


NTTUBER OF COMA ALT SCENTS 

KtntllER QF CONTROLS 

AUTHORS 

! VIRUS 

Inocu- 

lated 

Jaun- 

diced 

Incubation 

Period 

Inocu- 

lated 

Jaun- 

diced 

Incubation 

Period 

Oliphant (274) 


in* 

10 

0 


n 

■ 

days 

85-106 

Haiens (124) 

M 

III 

3 

3 


n 

5 


Neefe et al. (123) 

194G 

III 

5 

4 , 



5 


Neefe ct al. (123) 

194G 

HSJ** 

9 1 

0 j 



8 

GO-1 10 


* Infectious hepatitis. 

’* Homologous serum jaundice 


that the parenteral inoculation of human serum containing virus is the most 
important way of transmission. 

Immunity. The capacity of homologous scrum hepatitis virus to elicit homol- 
ogous immunity has been reported by Neefe et al. (123) who re-inoculated 9 
volunteers convalescent G to 9 months from experimentally induced homologous 
serum hepatitis. None of the convalescents became sick, while 8 out of 9 controls 
contracted serum hepatitis with incubation periods ranging from GO to 110 days. 
Both Havens (124) and Neefe et al. (123) found no evidence of cross immunity 
between homologous serum hepatitis and infectious hepatitis. Volunteers con- 
valescent from the former disease contracted the latter when le-inoculated with 
a strain of infectious hepatitis virus. In contrast is the report of Oliphant (274) 
who descubed apparently complete protection in 10 volunteers, convalescent 
fiom serum hepatitis, when they were re-inoculated with a strain of virus pre- 
sumed to he infectious hepatitis. This strain of virus was obtained in Italy 
where infectious hepatitis was epidemic, but it is a matter of interest that it pro- 
duced hepatitis in the controls after a long incubation period of 85 to 105 days, 
suggestive of the behavior usually associated with serum hepatitis virus. (Table 
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Relationship to Infectious Hepatitis. The exact relationship between infectious 
hepatitis and homologous serum hepatitis is not known, and the artificial defini- 
tion of the latter form of disease on the basis of probable route of transmission 
has been confusing. The question has frequently been raised as to whether 
homologous serum hepatitis may not merely represent the artificial transmission 
of the naturally occurring disease (275) . It is probable that this may occur more 
frequently than is. suspected, but there is no evidence to indicate that this is 
always the case. 

In reviewing the available knowledge about these two forms of hepatitis, it is 
apparent that certain similarities and differences exist between the two conditions 
and their etiologic agents. Although these two forms of hepatitis are clinically 
and pathologically indistinguishable after the onset of disease, attention has been 

TABLE VII 


Comparison of Behavior of Viruses of Infectious Hepatitis and Homologous Serum Jaundice 

' in Experimentally Infected Volunteers* 


virus 

INFECTIOUS HEPATITIS 

HOMOLOGOUS SERUM JAUNDICE 

1. Filtrable 

Seitz EK 

Seitz EK 

2. Resistance to heat 

56° G. 30 minutes 

56° C. 60 minutes 

3. Susceptible host 

Man 

Man 

4. Incubation period (days) 

15-34 

56-134 

5. Route of infection (experimental) . . . 

Parenteral or oral in- 
oculation 

Parenteral inoculation 

6, Virus in stool 

Acute phase 

Not demonstrated 

7. Virus in serum 

8. Immunity 

Acute phase 

Incubation period and 
acute phase 

a. Homologous 

Present 

Present 

b. Heterologous 

None apparent 

None apparent 


* Summarized from the results of Neefe et al. (123) and Havens (16). 


directed to the fact that in infectious hepatitis the onset is more apt to be abrupt 
with fever over 100° F. (37.8° C.) (276). In addition, serum hepatitis may be 
more severe as it occurs in debilitated patients (277). 

The etiologic viruses of both diseases arefiltrable, resistant to a temperature of 
56° G. for at least 30 minutes, and transmissible to man in serial passage, evoking 
homologous immunity. Up to the present, they have not been successfully 
transmitted to laboratory animals or embryonating eggs. 

In contrast to these similarities are certain differences which have been con- 
sistently reproducible by two different groups of investigators working under the 
auspices of the Army Epidemiological Board. In Table VII is recorded a com- 
parison of the behavior of two apparently different strains of virus, summarized 
from the work of Havens (16) and Neefe et al. (123) in experiments with volun- 
teers. 

The incubation period of infectious hepatitis is short, ranging from 20 to 40 
' days, in contrast to the long period (40 to 160 days) of homologous serum hepa- 
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titis (Fig. 5). Aycock and Oren (275) suggested that the prolonged incubation 
period of the latter disease is determined by the parenteral inoculation of virus 
partially neutralized by antibody in the serum. That such a mechanism is not 
the complete explanation of difference in time interval is suggested by the experi- 
mental results of Havens (SO, 84, 121, 124, 278) who reported short incubation 
periods following both parenteral and oral inoculation of volunteers with serum 
containing the same strain of infectious hepatitis virus. Prolonged incubation 
periods have indeed been reported in experimentally induced infectious hepatitis 
when the inoculation was by the parenteral route (77, 78, 272) (Table I). How- 


Infectious Hepatitis 

Serum pQrcntcrolly 


Serum orally 


Tbcefl orally 


O.tttO*M0WK>TOW» JOOUQttClMj 

Dayn 


Homologous JSerum Jaundice 
Serum parentcrafly 


Onset cf -hepaUtift 


O J0W304O50W10 t>0 90 JCOJlO JtOUOHO 

2ayo 


Fig. 5. Comparison of the Duration of Incubation Periods of Volunteers 
Experimentally Inoculated ■with a. Strain of Infectious Hepatitis 
Virus and a Strain of Homologous Serum Jaundice Virus 
Each line represents the incubation period and course of disease of a single volunteer. 
Volunteers were inoculated at O days. These strains of hepatitis virus were previously 
described (Havens, W. P., Jr., ct al. (79); Paul, J. R., et al. (2G9) as a part of experiments 
conducted bv the Neurotropic Virus Disease Commission, U. S. Army). 

. /Paul, J* H.j and Havens, W. P,, Jr.: Recent Advances in the Study of Infectious Hepa- 
titis and Serum Jaundice. Trans. Assn. Am. Physicians, 69: 133, 191G.) 

(Courtesy of TranB. Assn. Am. Physicians.) 


ever, the same inoculums were not tested for infectivity by the oral route, so that 
no comparisons can be made as to effect of route of inoculation. 

The vims of serum jaundice is present in the circulating blood during the long 
incubation period as well as the active stage of the disease (Fig. 6). Experi- 
mentally, it is infectious apparently only when inoculated parenterally, with two 
possible exceptions. The disease thus produced is not as contagious as infectious 
hepatitis; evidence of contact infection is rare; and the virus has not been demon- 
strated in the feces as it has in infectious hepatitis. This fact, in combination 
with the failure to produce this disease in volunteers by the oral administration 
of serum known to contain vims, suggests that the intestinal-oral route may not 
be of importance in its spread, differentiating it in some degree from infectious 
hepatitis. Of interest in this regard is the comparison of the elimination of two 
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strains of vims in the feces after parenteral inoculation (278). A strain of in- 
fectious hepatitis virus was readily detected in the feces during the acute phase 
of disease produced by parenteral inoculation. In contrast, a strain of serum 
hepatitis vims also inoculated parenteraJly was not found in the feces during the 
acute disease. In addition, studies on the immunity of volunteers corroborate 
the epidemiologic experience that patients who have had either infectious hepa- 
titis or homologous serum hepatitis are susceptible when exposed to the other 
disease (31) . Lastly, the long period of viremia in patients with serum hepatitis, 
in contrast to the much shorter period of viremia in infectious hepatitis, may 
explain the difference in the prophylactic effect, of normal human gamma globulin 
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Fig. 6. Schematic Ili.ustba.tion of Results op Attempts to Demonstrate Vibus in 
the Blood of Patients Dubing the Incubation Pebiod and Course of Disease 
of Infectious Hepatitis and Homologous Sebum Jaundice 
Isolation of virus was determined by the reproduction of disease in volunteers. (Neefe, 
J. R., et al. (267); Paul, J. R., et al. (269); Francis, T., Jr., et al. (85); Havens, W. P., Jr. 
(84 273)). 

(Havens, W. P., Jr., and Paul, J. R. : Infectious Hepatitis and Serum Hepatitis. “Viral 
and Rickettsial Infections of Man,” J. B. Lippincott Company, Philadelphia, Pa., 1948.) 
(Courtesy of the Editor and J. B. Lippincott Company.) 

in the two conditions. In the former, questionably favorable results followed the 
administration of two doses a month apart, while no protection was demonstrable 
when only one dose was given (279-281). This suggests that the efficacy may 
have a quantitative relationship with the amount of circulating virus. It is not 
yet determined whether the differences in route of inoculation, length of incu- 
bation period, onset of disease, distribution of vims, period of mfectivity, and 
lack of cross immunity are representative of the activities of actually different 
viruses or of antigenic differences of various strains of one vims. 

Prevention and Control. The long period of asymptomatic •'.uremia during the 
incubation period, combined with the lack of a specific serologic test or a sus- 
ceptible laboratory animal to detect vims, makes prevention and control difficult, 
particularly at present when human plasma and convalescent human serum are 
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so commonly used. The period of infectivity of patients with this disease is not 
well defined, and the resistance of the virus is such that there is no easy, practical 
way to render human blood and its products safe. It has recently been shown, 
however, that heating human albumin to 60° C. for 10 hours inactivates the 

virus (283). # 

In view of these facts and the extreme infectivity of this virus (0.01 cc. of scrum 

is infectious), the following suggestions have been made (230): 

(1) Patients with a history of jaundice should not act as blood donors for at 
least 1 to 2 years after the disappearance of jaundice. 

(2) Pools of plasma should be furnished by not more than two donors. 

(3) Needles and syringes used in any procedure concerned with drawing blood 
or parenteral inoculations should be sterilized after each patient. 

(4) The need for the use of plasma or convalescent human sera should bo care- 
fully considered in the individual patient, with the realization of the danger of 
possibly transmitting another disease to a patient already sick. 

(5) In certain patients, it may be justified to give 10 cc. of gamma globulin 
intramuscularly on two occasions one month apart, starting a month after plasma 
transfusions were received. Although the efficacy of gamma globulin is not 
clearly established, there does geem to be evidence of value in the multiple doses 
given in the incubation period. 

(6) Since homologous serum hepatitis virus may be inactivated by ultraviolet 
light (272), the development of a practical method to irradiate plasma or serum 
may be one solution to the problem. 
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I. INTRODUCTION 
1. Historical 

During the past decade, the various drugs of the aromatic diamidine series 
have engaged the interest of several groups of investigators in the field of the 
experimental chemotherapjr of protozoal as well as of bacterial and neoplastic 
disease. By far the most extensive studies have been conducted at the Liverpool 
School of Tropical Medicine, where, under the guidance of Warrington Yorlce, 
J. D. Fulton, and their associated groups in various parts of the world, the 
principle characteristics and clinical value of the diamidines have been estab- 
lished in the treatment of tropical diseases. More recent clinical observations, 
as well as certain experimental studies, have indicated that the diamidines un- 
doubtedly have a wide biologic application. Since the diamidines are a new 
type of chemical compound in clinical medicine, it is believed worth while to 
review their current status. It is hoped thereby that this information may be 
useful in the study of the many organic compounds containing basic polar groups, 
such as quaternary nitrogen compounds, nitro-acridines, quinolines, phenazines, 
phenanthridinium compounds, carbamates, and streptomycin, which are at 
present engaging the attention of students of the mechanisms of cellular metab- 
olism and of the chemotherapy of disease. 

Historically, the introduction of the diamidine compounds and the study of 
their chemotherapeutic properties are a direct outgrowth of a rather romantic 
search for agents ivhich would upset the delicate glucose metabolism of trypano- 
somes. Ehrlich and Gonder (59), Nauss and Yorke (142), Biot (23), Lavaran 
and Mesnil (121), among others (195) long ago established the fact that the 
survival time of trypanosomes in blood was prolonged if glucose were added, 
and that trypanosomes which had become motionless could be revived by the 
addition of glucose to the media. More recently, Yorke, Adams, and Mur- 
gatroyd (195) demonstrated that glucose was an essential metabolite of trypano- 
somes. In vitro, trypanosomes removed relatively enormous amounts of glucose 
(and oxygen) from any glucose or glucose-serum media. It was natural there- 
fore to seek among the numerous hypoglycaemia-produeing agents more satis- 
factory drugs to replace tryparsamide and germanin, especially since the effects 
of the latter were believed by the German workers to be the result of hypogly- 
caemia. 

With this concept von Jancsd and von Jancsd (107) began, in 1935, to investi- 
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gate the hypoglycaemia-producing guanidine derivatives, such ns guanidine 
hydrochloride and a number of related diguanidines. They found that, as the 
size of the central inert alkyl chain approached (CH*)io, a striking increase in 
trypanocidal activity became manifest. Their hypoglycaomia theory was 
buttressed by the knowledge that thd most effective compound, decamethylene 
diguanidinc hydrochloride (Synthalin — sec formula which follows) had been 
used in the pre-insulin era to lower the blood sugar in patients with diabetes 
mcllitus. Synthalin had been banned for clinical usage after Bodo and Marks 
(27), Dale (47), and others (05, 145) had demonstrated that direct liver damage 
was the cause of tlio hypoglycaomia. Nevertheless, the strildng experimental 
effects of synthalin warranted further trial of related drugs (89). It was shown 
that synthalin was effective in minute doses in mice and rats infected with both 
arsenic-fast and gemianin-fast strains of T. brucei and T. cquinum (154). Schern 
and Artagaveytia-Allende (153) confirmed the remarkable trypanocidal action 
of synthalin, and assumed that direct hypoglycaomia in vivo thus interfered with 
trypanosome metabolism. However, in 1937, Yorko and his colleagues (108, 
125) showed that the blood sugar level of synthalin-treated animals remained 
essentially normal unless exceedingly toxic doses of the drug were given. With 
smaller non-hypoglycaemia-producing doses of this compound, a marked trypan- 
ocidal action could be demonstrated. Furthermore, in vivo insulin liypoglycae- 
mia was totally ineffective and insulin added in vitro did not inhibit trypanosome 
growth. Thus, despito an erroneous premise, interference with glucose metab- 
olism, a potent new pharmacological agent had been uncovered. Since Yorke 
believed that a “specific drug action” must have produced these results, he and 
his co-workers embarked upon a remarkably intensive, systematic scries of 
investigations of related compounds. To him belongs much credit for opening 
a new important field of biological research. 

8. Chemical Considerations and Terminology 

The structural formula of synthalin (decamethylene diguanidine hydro- 
chloride) (see formula which follows) would suggest that a relatively inert 
alkyl chain acts as a carrier of two biologically active basic guanidine (polar) 
groups. After synthesizing various diguanidine homologues, King, Lourie, 
and Yorke (10S, 109) and Lourie, and Yorke. (125) observed progressive in 
vitro trypanocidal activity with increasing chain length until C 10 -Cic. Increase 
in the length of the alkyl chain beyond CY was associated with a decrease in 
activity. The toxicity in mice of these diguanidine homologues changed very 
little so that the in vivo therapeutic index was essentially a function of the in 
vitro activity. 

Encouraged by this experience, they undertook next to synthesize homologues 
of the alkyl diamidine series. These behaved in a similar manner as the carrier 
chain was increased and the order of effectiveness paralleled that of the diguani- 
dines. N-undccane 1-11 diamidine (compare formulae below) possessed maxi- 
mal therapeutic activity in the diamidino series. Furthermore in mice in- 
fected with standard laboratory strains of T. rhodcsiense, T. brucei, and T. 
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equiperdum, the diamidines were clearly superior to the diguanidines. A single 
injection of synthalin 0.075 mg./20 gm. mouse was inferior to 0.025 mg./20 gm. 
mouse of N-undecane 1-11 diamidine therapeutically in mouse trypanosomiasis. 
In addition, synthalin was more toxic (32, 109). 


H 2 N TT TT NH 2 

\ H ? / 

G — N — (CH 2 ) 10 — N — G 

✓ \ 

HN NH 

Synthalin 

(Decamethylene Diguanidine) 


NHo NH 

\ S ' 

C-(CH 2 )u-C 

/ \ 

NH NH 2 

N-undecane 1-11 Diamidine 


In a search for less toxic compounds, Dr. H. King of the National Institute 
for Medical Research (Great Britain), synthesized a large number of guanidines, 
isothioureas, amidines, and amines with alkyl and alkylene chains (109). These 
compounds were less effective and more toxic than N-undecane 1-11 diamidine, 
both in vitro and in vivo , although many of them displayed significant trypano- 
cidal properties. Following publication of this data by King, Lourie, and Yorke 
(109) Dr. A. J. Ewins of May and Baker Company instituted a similar investi- 
gation into groups of compounds in which aromatic carrier chains were sub- 
stituted for the alkyl chains (15). He believed that these might offer better 
possibilities for absorption and excretion under biologic conditions. The 
aromatic diamidine group was found by Ewins to be the fundamental chemo- 
therapeutic constituent. Any slight change in the radical 



NH 


markedly diminished trypanocidal activity. Ewins (127) varied the following 
factors: (a) length of alkane chain linking the amidino-phenyl residues, (b) 
substitution and variation of the divalent linkage, (c) change in position of 
amidine group, and (d) introduction of — 0 — , — N — and — S — linkages in the 
alkane chain. From among several hundred compounds screened against 
several species of trypanosomes as well as against Gram-positive and Gram- 
negative bacteria, four compounds have been selected as most promising for 
clinical investigation 2 (see formulae). 

2 The terminology of compounds containing the amidine group is somewhat confused. 
The reader is referred to the discussion on the proper nomenclature for compounds con- 
taining the amidine group in Chemical Abstracts, volume 39, number 34, pages 5912-5913, 
1945. Thus the name 4,4' stilbenedicarboxamidine is recommended for stilbamidine rather 
than 4,4' diamidino stilbene. When it is not possible to give a name which treats all ami- 
dine groups alike, some are named as substituents with “guanyl” as the prefix for the 
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H 2 N H H NHs 

HN NH 

Stilbamidine (M + B 744) 


II; N 
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C-<( — 0 — (Clips — 0 — ^>— C 


/ 


HN 


NH 


Pentamidine (M + B 800) 


NH; 
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H;N 

HN^ ' NH 

Propamidine (M + B 782) 

H;N NH. 

HN NH 

Phcnamidine (M + B 73G) 


E-wins and colleagues (127) have pointed out that these are all symmetrical 
compounds in which the basic diphenyl residues are linked by a simple alkane 
chain. One or more of the CH; groups of this alkane chain may be replaced 


NH, 

/ 

amidine group. The “guanyl” group— C should be clearly distinguished from the 

NH 

NH, 


H 


/ 


guanido group — N — C 


% 

NH 

According to the classification recommended in Chemical Abstracts the four aromatic 
compounds would be named as follows: 


H*N 


HN 


\ 

c 


H H 


NH, 


c — 


o— <z>- 
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\ 


NH 


Trivial name — Stilbamidine 

Chemical Abstract— 4, 4' Stilbenedicarboxamidine 

Malaria Survey— SN 251 (191) 



332 


EMANUEL B. SCHOENBACH AND EZRA M. GREENSPAN 


by oxygen or may be ethylenic in character. They have concluded that the 
similar mode of action of these aromatic diamidines was probably related to 
their similarity of structure. Minor variations in the carrier chain (such as 
introduction of one or two methyl groups) did not alter the general potency of 
compounds provided the integrity of the strong terminal basic groups was 
preserved. These facts are of considerable heuristic significance in any study 
of the mechanism of anti-biologic action of the diamidines. This review will 
be confined essentially to the current status of the four aromatic diamidines 
noted above. 


II. MECHANISM OF ACTION OF DIAMIDINES 
1. General 

The development of diamidine therapy of Trypanosomiasis was the direct 
result of a search by pharmacologists for hypoglycaemia-producing agents. 
Yorke and his colleagues (108, 125) showed definitely that hypoglycaemia was- 
not produced by therapeutically active doses of the diamidines. No direct 
experimental studies have been reported that would further elucidate the mode 
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Trivial name — Propamidine 

Chemical Abstract — p, p'-(trimethylenedioxy)dibenzamidine 
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Trivial name — Phenamidine 

Chemical Abstract— a) p,p' guanyl phenyl ether 

or b) bis-(p-guanylphenyl) ether 
or c) p,p'-oxydibenzamidine 

(c) is considered most correct according to the terminology of 
chemical abstracts but (b) may be preferable. 

Malaria Survey — SN 9, 404 (191) 
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of action of the diamidines as anti-trypanosomal agents. The wide disparity 
exhibited by various species of the Genus Trypanosoma in their susceptibility 
to the diamidines remains unexplained. 

It is known that stilbamidinc-scnsitive species (T. rhodesiense) are resistant 
to the inhibition of their oxygen uptake by cyanide (41, 183), whereas stil- 
bamidinc-resistant species (T. lewisi, T. cruzi) are extremely sensitive to such 
inhibition (S3, 30). This apparently basic difference between species suscepti- 
bility to both cyanide and stilbamidinc would tend to incriminate the important 
cytochrome enzyme system. Various species of Leishmanin have been studied 
which are inhibited by the diamidines but which are as sensitive as T. cruzi to 
inhibition of respiration by cyanide (41, 30). These data merely suggest that 
the cytochrome-cytochrome oxidase system cannot be used as an indicator for 
diamidine activity. Further studies of differences in metabolism among closely 
related species of Trypanosomes are necessary to explain diamidine specificity. 

Yorke has briefly discussed another important species-difference in metab- 
olism. It is well established that in culture media the utilization of glucose 
and oxygen by certain species of Trypanosomes is relatively enormous. In 
general, diamidine-sensitivc species (“African Group”) requirements arc ten 
fold those of the diamidine-insensitive (T. cruzi) group (41, S3). Yorke (127) 
has suggested that a “sugar blockade” is produced by inhibition of the intrin- 
sic aerobic glucose metabolism of tho trypanosomes rather than by the produc- 
tion of an environmental hypoglycacmia. Trypanocidal activity would be at a 
minimum therefore against species (T. cruzi ) capable of carrying on anaerobic 
glycolysis easily. This higlily speculative theory would at least indicate that 
the trypanocidal action of diamidines is not that of a “general protoplasmic 
poison.” The more recent observations of ICopac, (v.i.) in which a general 
denaturation of different nucleoproteins has been observed following exposure 
to dilute solutions of stilbamidirie do not substantiate the latter conclusion. 
Although present data are scanty, it is probable that two modes of action may 
be observed, depending on dosage and other variable experimental factors viz. 

- +he action on cells with high aerobic glycolysis, and the toxic action directly on 
certain proteins which, by virtue of high concentration in specific tissue cells 
(tumor cells) or by virtue of special configuration, are susceptible to denntura- 
tion by diamidines. 


Much valuable data have been collected on the antibacterial action of the 
dranudmes. In 1942, Fuller (67) first reported on the action of a set? oi l ng 
cham aliphatic bases, including amines, amidincs, guanidines, isothioureas and 
quaternary ammonium compounds against an extensive seriel J “,‘ louroas '. a ." 
and Gram-negative bacteria. Altho^W th ' VZJ 
species was noted, the activity of tho in™ • v i_ n . m * 10 Bensi ^ ivjfc ^- , 
parallel to the sulfonamides in thaWhe G v Phnt ’° basos was ""**5 
high dilutions whereas the Gnm-negatiw' ’ C ° CC1 Were een3 %* 

As chain length increased, bactericidj Mv 

as m the trypanocidal series (109) reported by ' Yorke 4e7ni!^> ^ 
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fully bacteriostatic in broth, serum, and exudate in which the sulfonamides are 
inhibited or inactive. 

Shortly thereafter, Thrower and Valentine (175) demonstrated that among the 
aromatic bases, propamidine possessed the most marked antibacterial activity 
against Gram-positive cocci in the presence of complex media or even para- 
aminobenzoic acid. Propamidine activity compared very favorably with penicil- 
lin and the sulfonamide drugs but differed in many respects in its mode of action. 
Stilbamidine was generally somewhat less effective than propamidine. The 
antibacterial properties of the diamidines were generally similar (61) to those of 
the sulfonamides, penicillin and gramicidin in that the Gram-positive organisms 
were more susceptible than the Gram-negative groups. Among these Gram- 
positive organisms, streptococci were most susceptible whereas in the Gram- 
negative group the greatest activity was demonstrated against E. lyphosa and 
E. coli (61). Drug potency was increased three or four fold by raising the pH 
of the media. Utilizing a synthetic medium Kohn (117) showed that the ad- 
dition of 1 per cent proteose peptone tripled the amount of propamidine neces- 
sary to inhibit E. coli. This effect of peptone on propamidine activity was 
approximately one-third that commonly seen with the sulfonamide drugs. 
Kohn stated that propamidine acts by inhibiting the catabolic (oxidative) 
metabolism of bacteria. This is noteworthy since the oxidative metabolism of 
bacteria is not usually affected by the minimal concentrations in which the sul- 
fonamide derivatives effectively inhibit bacterial growth. Using a different 
technique, Bernheim (18) added further support to this view. With strains of 
E. coli, S. aureus, and S. albus in the Warburg apparatus, he investigated the 
inhibition of oxygen uptake. He employed nephelometry to measure the effect 
on growth. M/80,000 concentrations of propamidine (and slightly higher con- 
centrations of stilbamidine) inhibited the oxygen uptake of washed bacteria at 
pH 7.8 with substrates containing nitrogenous constituents (meat extract, 
peptone). It appeared that in dilute solutions the oxidation of amino acids 
rather than of carbohydrates was impaired. The oxidation of carbohydrate 
substrates (pyruvate, glucose) was inhibited only at higher concentrations of 
the drug, M/9,000. The latter concentration was twenty times smaller, how- 
ever, than the concentrations (0.1 per cent) employed clinically in the treat- 
ment of war wounds. A latent period was present before inhibition of growth 
or oxygen uptake became apparent and maximum inhibition was not attained for 
several hours. This latent period was not present if the organisms were shaken 
with the propamidine before the substrates were added. 

The theories of Kohn and Bernheim are also supported by the observation 
that concentrations as low as M/100,000 (much smaller than those inhibiting 
oxidation of carbohydrate substrates by bacteria) are lethal to trypanosomes 
in vitro. In a further study, Bernheim (19) presented additional evidence in 
this direction. The oxidation of L-proline and alanine by E. coli was inhibited 
by propamidine at concentrations which, under the same conditions, accelerated 
the oxidation of serine and asparagine. The oxidation of the latter two amino 
acids was inhibited by higher concentrations of propamidine. Bernheim again 
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noted that the oxidation of glucose, pyruvic acid, and succinate was not affected 
by concentrations of propamidine which inhibit or accelerate the oxidation of 
the abovemmino acids, thus "indicating that the cytochrome system is not in- 
volved”. That the cytochrome system is not necessarily involved could have 
been inferred by the fact noted above that diamidine resistant species of trypano- 
somes (T. cruzi , T. lewisi) are precisely those which have the most active cyto- 
chrome systems as evidenced by their susceptibility to inhibition by cyanide, in 
contrast to the cyanide resistant species (I T. rhadcsicnse) against which the 
diamidines possess marked therapeutic activity. 

Other investigators have hoped to throw some light on the mode of action of 
the diamidines through the study of diamidine inhibitors. In addition to the 
effect of peptone described above, it is known that many nitrogen-containing 
compounds interfere with diamidine bacteriostasis. Snell (172) has demon- 
strated that certain polyamines permit growth of L. casei which arc ordinarily 
inliibited by 0.7 mg. propamidine/10 cc. media, and of S. laclis which are in- 
hibited by 0.1 mg./lO cc. media. The polyamines, spermine and spermidine 
were found to be bactericidal (21). No inhibition of the diamidines was ob- 
served at concentrations of these polyamines which were not bactericidal per se. 
It is interesting to note that the bactericidal activity of spermine and spermidine 
could be inhibited by nucleic acid (21). The synthetic polyamines, diethylene 
triamine, triethylene tetra-amidine and tetraethylene penta-amidine were active 
inhibitors of diamidine bacteriostasis at high concentration (0.1-0.5 Molar) 
( 21 ). 

Phospholipids in the form of soya lecithin or egg lecithin, (GO, 01) interfere 
with propamidine bacteriostasis. Bichowsky (Bichowsky-Slomnitzld) (20, 21, 
22) studied both stilbamidine and the somewhat more effective pentamidine 
action on E. colt and S. aureus. The presence of peptones, meat extract, Bovril, 
and Marmite inhibited bacteriostasis but 10% serum did not. Substances with 
polar groups similar to the diamidines (creatine, creatinine, arginine, guanine) 
lacked antidiamidine activity. An extensive series of amino acids tested were 
without activity. In contrast, however, both yeast sodium nucleate (ribose 
nucleic acid) and animal sodium nucleate (desoxyribose nucleic acid) permitted 
growth in the presence of the diamidines. This inhibition was observed even 
when the nucleic acid was added 24 hours after the diamidine. A solution of 
0.05% sodium nucleate inhibited bacteriostasis of E. coli in high concentrations 
of stilbamidine (M/25,000). The lethal action of stilbamidine in a concentra- 
tion of 1:300,000 on T. vaginalis was similarly blocked by sodium nucleate. In 
cultures of Leishmania a 1:50,000 stilbamidine solution was completely in- 
hibited by 1% sodium nucleate. The separate purine, pyrimidine and nucleoside 
constituents of nucleic acids as well as some purine derivatives (uracil, xanthine 
hypoxanthine) and the various vitamins of the B complex group 3 had no anti- 
diamidine activity. The nucleotides, adenylic and guanylic acids inhibited 
diamidine bacteriostasis but were to ^ ns active as the polynucleotides (21). 

> Thiamine, riboflavine, niacin, choline, pimelic acid, calcium pantothenate pyridoxine 
para-ammobenzoic acid and inositol. 9 
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From these data Bichowsky (22) has inferred that in bacteria and protozoa the 
diamidines tend to concentrate primarily within bodies rich in nucleic acid. 
The diamidines, as basic substances, may combine with nucleic acids or the 
nucleoproteins and thus interfere with the utilization of an “essential metabolite” 
or enzymatic pathway. 

This theory is not unlike that proposed for the lethal action on bacteria of 
various cationic detergents (56, 179, 185). According to the competitive cationic 
exchange theory, the activity of propamidine, as well as other cationic deter- 
gents and basic dyes, depends upon the amount of free toxic diamidine cation 
available to compete with the non-toxic hydrogen ion for the same anionic 
position on the (bacterial) cell. It would be expected, therefore, that any in- 
crease in the local concentration of competitive non-toxic cations would inhibit 
diamidine activity. Any decrease in hydrogen ions would thus permit increased 
adsorption of the diamidine onto the anionic substrate. This would account for 
the greater antibacterial activity observed by Elson (61) with progressive in- 
crease of pH. Increased anions, in the form of phosphate, have been noted to 
decrease the activity of propamidine (61) at all levels of pH. This is probably 
due to the formation of a weakly dissociated diamidine salt. The antagonism 
of the phospholipids of the lecithin type, and of the polyamines has been ex- 
plained on the basis of their behaviour as non-toxic cations, the former competing 
with propamidine cation by virtue of the quaternary nitrogen group in the 
choline residue; the latter because of the presence of free amino groups (63). 
This theory of cationic competition does not explain the lack of inhibition by 
many small-molecular compounds containing free cations. The inactivation of 
propamidine by nucleic acid has been offered as evidence that the nucleic acid 
anions combine with the propamidine cation, and are in fact the critical point 
at which the nucleoproteins of the cell are altered. Using entirely different 
physical methods for the study of tumor cell nucleoproteins, ICopac (118, 119, 
120) has reached an essentially similar conclusion, namely that nucleoproteins 
are, to a greater or lesser extent, susceptible to physicochemical alteration by 
stilbamidine. 


2. Tumor Inhibition 

Sir Henry Dale was the first to suspect that the remarkable inhibitory effects 
of the diamidines on the oxidative metabolism of bacteria and protozoa might 
extend across to neoplastic and normal animal tissue. At his suggestion, Dickens 
in 1939 (55) studied the inhibition of oxidative metabolism by the alkyl di- 
amidines. Inhibition of the Pasteur effect on animal tissue had been previously 
known to be manifested by quaternary Nitrogen and related compounds, such 
as the acridines, quinolines, and phenazine derivatives all containing active 
basic substituents. After studying the effect on rat brain, Jensen Sarcoma, and 
yeast, Dickens concluded that N-undecane 1-11 diamidine and synthalin were 
“the most powerful inhibitors” of the Pasteur effect yet described. 

The Pasteur effect is a term used to designate the inhibition of cellular glycolysis 
when oxygen is present. Glycolysis represents the biologic formation of two 
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moles of 1-lactie acid from one molo of hexose or its glycogen equivalent,. Glycol- 
ysis is an anaerobic dismutation and is not an essential prerequisite for carbo- 
hydrate oxidation. Malignant tissues and leukemic cells show only a slight, 
Pasteur effect. 

Bernkeim (18) independently noted that the oxygen uptake of suspensions of 
rat kidney and liver was not inhibited by M/8000 propamidine whereas rat, brain- 
oxidation of glucose was inhibited 50% by' concentrations of M/30,000. Pyru- 
vate oxidation was inhibited by concentrations of M/15,000. Whether these 
discrepancies were due to better penetration of brain tissue slices or wore a mani- 
festation of the protective action of nucleic acid and nucleoprotcin present in 
rat liver or kidney was not clear. 

More recently, Iladdow, Harris, Kon, and Hoe (92) in a scries of studies 
designed to define the molecular conditions for the growth-inhibitory action of 
drugs in transplanted animal tumors, examined a group of basically substituted 
stilbenos. In rats treated with 4,4' dimcthylnminostilbonc in doses of 5 mg./lOO 
gm. body weight, a definite retardation of body growth as well as tumor growth 
(Walker Sarcoma) was produced. This was associated with histological and 
cytological alterations ascribed to the drag. Unfortunatoly, these effects could 
be elicited only within narrow limits because of the marked toxicity of the drug. 
Nevertheless, to a lesser extent, the same effects were noted in mice suffering 
from Crocker Sarcoma, C03 carcinoma, and spontaneous tumors. These 
authors could not ascribe the action to the deprivation of essential sulfur-con- 
taining amino acids, since they were unable to demonstrate increased excretion 
of mcrcapturic acid or neutral sulphur. They believe that the action on growth 
is the result of a “more direct, and perhaps competitive disturbance in cell 
metabolism.” 

ICopac (118) also has confirmed the inhibitory action of physiological dilutions 
of the diamidincs on tumor cells in tissue culture media, and has made more 
detailed study (119, 120) on the rate of dennturation of several nuclcoprotoins, 
Giver, tobacco mosaic virus, protamine-nucleate, mitochrondia, cytoplasmic 
fractions), exposed to one or more diamidincs or other oncolytic agents. The 
drugs were observed at physiologically effective concentrations either alone or 
in combination. By use of physical methods, it was possible to divide com- 
pounds into several groups according to their ability either to enhance or inhibit 
interfacial denaturation of proteins. Dennturation was measured by a semi- 
automatic drop retraction apparatus in which the protein is simultaneously 
exposed to an oil-water interface as well as to one or more chemical agents. In 
this manner a dual augmentation of denaturing agents may be studied. By 
means of this rather complex technique certain compounds wore found to aug- 
ment surface forces. According to Kopac, these compounds act by “weakening 
critical side-chain linkages” with the production of two dimensional instead of 
three dimensional protein patterns, Among the substances studied, stilbamidino 
and the cldoroethyl aminos (nitrogen mustards) were the most potent denaturing 
agents. Replacement of the stilbene linkage with oxygen which markedly 
alters the absorption spectra, fluorescence and other properties, as in pentami- 
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dine, propamidine, and phenamidine, resulted in' decreased denaturation by a 
“strengthening of the critical side chain linkages.” Furthermore, previous 
treatment of liver nucleoprotein with any of the phenoxy-diamidines blocked 
the striking denaturation observed with stilbamidine (stilbene linkage). No 
adequate explanation for these observations has been offered. It is apparent 
that stilbamidine differs from the phenoxy compounds not only in its physical 
and chemical properties but also in its toxic manifestations. 

Snapper (167) and Snapper and Schneid (167, 170, 171) have recently added 
further evidence in favor of protein denaturation by stilbamidine. Within 
several weeks after a course of treatment with stilbamidine, seven of nine pa- 
tients treated with stilbamidine for Multiple Myeloma developed basophilic 
inclusion granules in 80% or more of their myeloma cells. These granules 
disappeared after application of the enzyme, ribonuclease, to the cells. By 
means of ultraviolet-spectrophotometry and ultraviolet microscopy the specific 
absorption spectra for nucleic acid was observed in the granules (171). The 
evidence for the presence of stilbamidine was somewhat less convincing despite 
the widely separated absorption bands of the two substances in question. From 
this evidence, and from Kopac’s work demonstrating that stilbamidine dissociates 
protamine ribonucleate, Snapper concluded that stilbamidine interferes with the 
metabolism of the myeloma cells. It is of interest that in a large series of pa- 
tients, Snapper (169, 170) observed the stilbamidine ribosenucleic acid precipi- 
tates only in patients with high blood levels of the globulin peculiar to myeloma. 
He pointed out that the myeloma cells are unique among neoplastic cell-types 
by their production of large amounts of a specific protein, which, by virtue of 
its constitution or its abundance in certain cells, may be susceptible to stilbami- 
dine denaturation. If subsequent studies of the granules confirm the presence 
of true stilbamidine-nucleic acid complexes, this will have been the first instance 
of the production of specific morphological alterations by a parenterally ad- 
ministered chemical on human neoplastic cells. 

Several investigators agree that stilbamidine causes an alteration in the inter- 
facial forces acting on protein surfaces. This implies fundamental alteration of 
nucleoproteins either by (1) irreversible dissociation of nucleic acid from protein 
or (2) blockage of critical intramolecular linkages (119, 120, 171). Since it is 
well established that the development of many different neoplasms is associated 
ufith marked increase in both desoxyribose nucleic acid (chromosomes) and 
ribose nucleic acid (cytoplasm), the mode of action of the diamidines on nucleo- 
proteins may well possess a significant bearing on the nucleic acid equilibrium" 
in carcinogenesis. Surely the increase in both trypanocidal and bactericidal 
activity up to but not beyond an optimum chain length of Cio-u suggests 
that surface-acting properties may be responsible for therapeutic action by 
denaturation of some essential protein constituent. On the other hand, the 
wide variation in diamidine action on closely related species of trypanosomes, 
and the effectiveness of both stilbene and phenoxydiamidines- in protozoal in- 
fections, despite the latter’s relative inability to produce protein denaturation, 
point to the fact that at least two mechanisms are probably involved, namely 
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the inhibition of certain specific, as yet undetermined, enzyme systems, and the 
general alteration of nucleoproteins which may, in fact, play a greater or lesser 
role in the enzymo systems of different species of bacterial, protozoal, and tumor 
cells. 


HI. rjIARMACOLOQY 

1. Chemical and Physical Characteristics 

4,4' diamidino-stilbene (stilbamidinc, M & B 744) is a white crystalline 
powder. It can be heated in solution to 70-80°C. for a short time (15 minutes) 
without decomposition. The solid is stable in the dark. A melting point cannot 
he determined as stilbamidinc turns yellow at 200°C. and decomposes at 290°C. 
The compound is soluble in water up to 40 grams in 100 ml. at 25°C. It is 
fairly soluble in glucose solutions and moderately soluble in the usual blood- 
citTate mixtures (0.08 mg./ml.). It is precipitated by stronger solutions of 
citrate, oxalate, strong acids, saline solutions (especially in the cold), and almost 
all common protein prccipitants with the exception of dialyzed iron (54), and 
basic lead acetate (73). Pentamidine and propamidine are more soluble in 
these solutions, but their solubility characteristics are in general similar to stil- 
bamidinc. When stilbamidine is added to human or mouse sera in concentra- 
tions greater than 0.5%, it precipitates out as a base wliich is insoluble in water 
but is soluble in dilute hydrochloric acid (73). This fact may have some bearing 
upon the immediate toxic reactions observed in man following injections of 
concentrated solutions (v.i.). During the past several years, the diisethionate 
salt, containing only 60% of the base present in the hydrochloride salt, has been 
used for clinical and experimental purposes because of its greater solubility and 
better tolerance during intravenous injections. Maximum tolerated doses of 
the diisethionate (hydroxyethyl sulphonate) are from 50% to 100% greater than 
of the hydrochloride. 

After standing for several months stilbamidine powder turns pale yellow, but 
this is not associated with any significant alteration in the absorption spectra, 
toxicity or therapeutic action (74). In contrast there is ample evidence (10, 
70, 79, 100), to prove that solutions of unsaturated stilbenes (stilbamidine, 
monomethyl stilbamidine) will be markedly affected by even fifteen minutes of 
sunlight, whereas similar solutions kept in total darkness over a period of many 
months remained unaltered. Fulton and Yorke (79) have shown marked in- 
crease in toxicity and decrease in therapeutic activity in both man and animals 
after injections of solutions exposed to sunlight. This deterioration is due to 
the action of ultraviolet light on the unsaturated stilbene linkage. The com- 
pounds, 4,4' diamidino a, a' dimethyl stilbene, pentamidine, and propamidine 
are unaffected by light. According to Fulton (70), the principle chemical 
change is a saturation of the ethylenic linkage by direct hydration with the 
production of a colorless compound, 4,4' diamidino phenyl benzyl carbinol. 
Barber, Slack and Wien (16), concur in this interpretation. On the other hand, 
Henry (100, 101, 102) states that sunlight acts by accelerating a process of eis- 
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trans isomerization and the amidine groups, which are unstable, are converted 
to amido groups. 4,4' diamidino phenyl benzyl carbinol was not the principal 
product of irradiation. Hydrolysis of one or both amidine groups was associated 
with the liberation of ammonia. The formation of 4-amido: 4'.amidinostilbene 
monohydrochloride (most probably the trans form) and 4,4' diamido-stilbene 
was confirmed by isolation. Experimental evidence suggested that the principle 
product produced by irradiation of stilbamidine solutions was a dimer of stil- 
bamidine. This dimer would be 1,2,3,4-tetra (4' amidinophenyl) cyclobutane. 
By comparative studies of spectrographie absorption curves, Goodwin (87), 
confirmed that saturation of the ethylenic linkage parallels the alterations in 
toxicity and therapeutic efficacy produced by exposure of the various unsaturated 
compounds to light. No degradation or loss of efficiency occurred if solutions 
were placed in the dark for long periods of time (79). Boiling for 2 minutes or 
heating to 60°C. for five minutes did not alter the properties of these solutions. 
Devine (54), observed that alteration in pH did not substantially affect the rate 
of degradation in sunlight. The observations of Henry (100), differ from those 
noted more recently by Fulton and Goodwin (75).' They studied cis and trans 
stilbamidine both therapeutically and spectrographically after irradiation with 
ultraviolet light. These investigators could find no evidence of ammonium 
chloride formation. Their observations supported the concept that cis-trans 
isomerization occurred. In dilute solutions (0.05%) the cis form was converted 
to the trans form but no saturation of the linkage occurred. In 0.2% solutions 
of cis stilbamidine irradiation produced the trans form and also saturation of the 
ethylenic linkage in the trans compound. There was no evidence for trans-cis 
formation or splitting of the double bond. The trans stilbamidine was thera- 
peutically active. The cis compound was more toxic and less effective thera- 
peutically. 

Of the various members of the diamidine series, stilbamidine (and other un- 
saturated stilbenes) alone manifest a remarkably brilliant blue fluorescence even 
in extremely dilute solutions (1 part in 1000 million) when exposed to ultraviolet 
light (103). In addition, it possesses a strong narrow spectral absorption band 
detectable in concentrations as low as 1.0 microgram per cubic centimeter. 
Since maximum absorption characteristically is obtained at 329 mu (103), little 
interference may be expected from most biological substances. 4 Maximum 
fluorescence occurs under monochromatic light of 310 m^ (103). The cis isomer 
does not fluoresce when exposed to ultraviolet light (101, 102). These properties 
should make it feasible to determine stilbamidine distribution in certain biological 
fluids by spectrophotometric or fluorometric methods. Despite these character- 
istics, a convenient accurate method for quantitative determination of stil- 
bamidine has not yet been developed. The difficulty in quantitative estimation 
is due to the marked adsorption of stilbamidine on proteins and other compounds 
of large molecular weight or surface area. For example, stilbamidine is almost 
quantitatively adsorbed to cellulose, Kaolin, Fuller’s earth, charcoal, filter 

* Cis Stilbamidine -Molecular extinction (E) shows a maximum 14,000 at X299 nip. 

Trans-Stilbamidine-Molecular extinction (E) shows a maximum 37,800 at X329 mp. (75). 
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paper, beef protein, and the proteins of serum, plasma and other body fluids 
(54, 73, 103). In urine stilbamidine can usually be detected without laborious 
separation from biological substances which obscure or quench fluorescence and 
interfere with the absorption spectra (103). Because of the marked adsorptive 
capacities several workers have suggested the possibility that methods of assay 
involving adsorption on various chromato-graphic columns followed by elution 
with certain solvents, and finally cither spcctrophotometric or fluorometrie 
determination might be used. Despite numerous modifications, only the blood 
levels obtained in man immediately after maximum tolerated doses admini- 
stered intravenously can be measured with reasonable accuracy. 

2. Methods of Determination 

The properties of marked adsorption, insolubility, and fluorescence, together 
with the specific absorption spectra have been employed in order to develop 
quantitative methods of determination. Such techniques are necessary before 
study of the absorption, excretion, and distribution of stilbamidine in the body 
of man and animals can be initiated. 

By gross examination of the organs of mice for fluorescence, Hawking and 
Smiles (09), concluded that stilbamidine was found principally in the liver and 
kidneys, and to a lessor extent in the small intestine and skin. It was not pos- 
sible to determine how much quenching was produced by the varying concentra- 
tions of blood and other proteins in the various organs. Gross examination of 
organs or biological fluids, can supply only limited information. It is too crude a 
method for any typo of quantitative assay. 

With the ultraviolet fluorescent microscope, marked rapid adsorption of stil- 
bamidine by sensitive species of trypanosomes was seen by Hawking and Smiles 
(99) both in vitro and in vivo. Most of the drug was deposited in the blepharo- 
plast and anterior cytoplasmic granules of living flaggellates. Within ten 
minutes after intraperitoneal injection, these authors noted a partition ratio 
between trypanosome and plasma layers of approximately 4,400. In vitro 
partition ratios of 1,400 were observed (98). The marked therapeutic action 
of minute doses of stilbamidine would seem to be a reflection of its selective 
adsorption by certain chemical components of the viable protozoal organism, 
since it was taken up only by live trypanosomes and at body temperatures (98). 
A modification of this technique has been used by Snapper (100) and Snapper 
et nl. (171), who demonstrated that myeloma cells contain precipitated stilbami- 
dinc-nucleic acid complexes. The specific absorption spectrum and the fluores- 
cence of stilbamidine may thus be utilized in a photographic study of microscopic 
structures to indicate the site of stilbamidine adsorption. 

Similarly, marked adsorption to filter paper is the basis of a simple chromato- 
graphic technique for studying stilbamidine excretion in urine. By spotting 
out a standard sized drop of urine on filter paper, it is possible to detect (103) 
concentrations of 0.0005 per cent under a simple Wood’s light. Moreover such 
filter paper may be washed repeatedly, dried, and stored without any loss of 
fluorescence. Although this method may be applied to serum, plasma, cerebro- 
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spinal fluid, and even milk, the margin of error at the concentrations of stil- 
bamidine tolerated physiologically is from 50 to 100%. Moreover, careful 
observers encounter an error of 29% with this method even when applied to 
urine studies. It appears to be a quick simple means of determining whether 
any particular patient is excreting significant quantities of stilbamidine in the 
urine. Henry and Grindley (103) have modified this technique for urine assay 
by adsorbing stilbamidine on cellulose pulp and examining for fluorescence. 
Subsequently the pulp was subjected to Kjeldahl analysis or Nesslerized for the 
determination of stilbamidine nitrogen. In the presence of other types of ad- 
sorbable nitrogen (albuminuria), this method is wholly unsuitable. 

In the state of equilibrium maintained by the buffers existing in whole blood 
and other biological fluids, stilbamidine has been assumed to be adsorbed on the 
blood proteins as a relatively nonionized base. Nevertheless, it has been found 
possible to remove most of the drug by percolation through canisters containing 
ion exchange columns. 

By increasing the hydrogen ion concentration, several investigators have 
demonstrated both partial reversibility of stilbamidine adsorption to trypano- 
somes (98, 99), as well as complete reversibility of adsorption to animal proteins 
and cellulose products. Guided by these principles, Henry and Grindley (103) 
devised a method for quantitative determination of stilbamidine consisting of 
(a) adsorption of stilbamidine on a column of cellulose, (b) elution with dilute 
HC1, and (c) quantitative spectrophotometric determination of the drug from 
the eluate. With this technique recovery levels of from 80% to 90% were pos- 
sible in relatively concentrated solutions of stilbamidine in blood. With the 
levels obtained following parenteral injections in man and animals the recovery 
rate was much lower. Saltzman (150), has recently claimed somewhat better 
recoveries from urine and blood which have been percolated through a “Deealso” 
column, eluted with an HCI-alcohol mixture and measured with a fluorophoto- 
meter. Reproducible recovery of stilbamidine from plasma mixtures as dilute 
as 9 to 30 gamma per cc. were stated to be easily attainable, and in urine con- 
centrations as low as a 3 gamma per cc. could be measured without the necessity 
for preliminary protein precipitation. 

Fulton and Goodwin (73) have found, however, that it is necessary to remove 
proteins from the serum. For this purpose they have used dialyzed iron which 
was found not to precipitate stilbamidine. Satisfactory spectrophotometric 
readings were obtainable with levels of 2.5 gamma/cc. and higher in sera of mice 
treated with stilbamidine by various routes of administration. Unfortunately, 
serum levels of stilbamidine fall rapidly below this level after the first hour of 
treatment. Therapeutic activity probably persists well below levels detectable 
with any of the present methods of determination. 

A colorimetric method for determination of stilbamidine has been devised by 
Devine (54) based upon the combination of aromatic diamidines and glyoxal in 
warm alkaline aqueous solution with the production of a yellow glyoxalidone com- 
pound. The color of the latter is intensified subsequently by the addition of 
acid. The depth of color is determined in a Hilger “Spekker” absorptiometer. 
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Slight changes in technique, however, alter greatly the development of color. 
Accordingly, Fuller (08) has tried to stabilize the reaction by heating in a borate 
buffer. Although this method was sensitive, the reaction was common to all 
the unsubstituted aromatic amidincs. Certain substances in biological fluids 
yielded false color reactions. Furthermore, the reaction was technically difficult, 
since an excess of glyoxal inhibited the development of the colored compound 
(08). Jackson, Kuhl and Irvin (100), have utilized the reaction of aromatic 
amidincs with glyoxal and benzaldehyde to form a fluorescent 2-ary], 4-benzal, 
•5-glyoxalidone compound in alkaline aqueous solutions. This fluorometric 
method provided a better relationship between the intensity of fluorescence and 
the concentration of the amidine and was less dependent upon the concentration 
of reagents. It was generally applicable to the aromatic diamidines whereas 
Fuller’s method was inapplicable to propamidine. Aliphatic amidines, guani-’ 
dine, arginine, creatine, creatinine, urea, ammonia and uric acid were stated not 
to interfere with the reproducibility of results. Protein adsorption was re- 
sponsible for only a small loss when dialyzed iron was used as a protein pre- 
cipitant. The technique permitted determinations on concentrations as low 
as 80 gamma/100 ml. with a 4-8% error. "With butanol extraction reproducible 
results were obtainable at 50 gamma/100 ml. This method may suffer from a 
lack of sufficient accuracy and sensitivity at the low' blood levels which occur in 
from 30 to 60 minutes after a given injection of diamidine. Consequently an 
adequate understanding of the adsorption of diamidines onto various tissue 
proteins, and their distribution and excretion must await the development of 
more satisfactory methods of assay. 

S. Absorption, Distribution and Exccrclion in the Body 

Within a few minutes after its administration by either oral, subcutaneous, 
intramuscular or intravenous routes, stilbamidine may be detected in relatively 
high concentrations in the blood and the urine of man or various experimental 
animals (73, 103, 188). After a single intravenous or intramuscular injection 
of a maximally tolerated dose, Wien (188) and Fulton and Goodwin (73) ob- 
served peak blood levels of 30 to 40 jig/ec. These quickly fell within 30 minutes 
despite the differences in the maximum doses attainable via the various routes- 
of administration. After two hours less than 2 pg/cc. were detectable (73). 
It was notable that, even after large oral doses, peak levels were maintained 
for only a short period of time. In mice (73), the subcutaneous route afforded 
slight prolongation of the high blood levels. ThiB may be related to the some- 
•' what higher therapeutic indices (80) observed when trypanosome infections 
were treated by this route. These higher therapeutic indices may also reflect 
activity at low blood levels, undetectable with the present methods of deter- ' 
mination, which persist after a single injection of stilbamidine (73, 103). Ac- 
cording to Fulton (71), such levels (less than 2pg/cc.) are capable of definite 
therapeutic and prophylactic activity in mice. Therapeutic indices in mice 
correlate roughly with the overall duration of high blood levels (73, SO), being 
smallest when oral or intravenous routes of administration are employed.’ Just 
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of synthalin as well as of certain alkyl diamidines was demonstrable in minu te 
doses wliicb did not significantly alter the blood glucose level. They ascribed 
the therapeutic property to a specific action of the basic diamidine groups. In 
overwhelming toxic doses, synthalin (decamethylene diguanidine) (26), and 
certain alkylene diamidines (31), had been previously observed to produce liy- 
poglyeaemia associated with a loss of liver glucose and glycogen together with 
gross evidences of renal and hepatic damage. According to Bodo and Marks 
(27), the mechanism of synthalin hypoglycaemia differed significantly from that 
of insulin. For example, glucose freed as a result of the glycogenolytic action 
of synthalin on the liver was not utilized or converted to muscle glycogen. After 
synthalin had been administered the hyperglycaemic response to adrenalin was 
abolished, probably as a result of glycogen depletion of the liver. Broom (31), 
in a comparative study of various diguanidines and diamidines, noted that the 
latter did not affect carbohydrate metabolism as readily as the former com- 
pounds, but nevertheless produced marked changes when administered in large 
doses. In rabbits a half-minimal lethal intravenous dose (5 mg./kg.) of N- 
undecane 1-11 diamidine, an alkyl analogue of stilbamidine, was noted by Devine 

(52) , to produce a rapid rise of blood urea of about 30 mg. %, but the blood sugar 
was unaffected. However, maximum tolerated doses (10 mg./kg.) produced 
transient hyperglyeaemia associated with marked nitrogen retention, albuminuria 
and casts. Lethal doses produced fatal hypoglycaemia with or without an 
initial hyperglyeaemia, probably depending upon the hepatic reserves prior to 
the experiment. Damage to the liver and its deaminizing function seemed to 
parallel the degree of glycogenolysis. In two patients given 150 mg. of N- 
undecane 1-11 diamidine per day orally for three successive days, Devine (52) 
observed no alteration of the blood sugar level, but nausea associated with de- 
finite nitrogen retention occurred. No pathological examination of the kidneys 
in these patients was possible. Among numerous clinical reports no instances 
of significant alterations in the blood glucose level have been observed after 
therapeutic doses in man. 

The effect of stilbamidine in graded doses was also studied in rabbits by Devine 

(53) . A single intravenous injection of half of the lethal dose (15 mg./kg.) did 
not cause any significant alteration in the blood glucose level, whereas the blood 
urea rose from 35 mg. % to over 100 mg. %. Single injections of 25 mg./kg. 
intravenously resulted in immediate collapse followed by prompt recovery in an 
hour. Within two hours of such an injection, a transient rise of almost 100% 
occurred in the blood sugar followed by a rapid fall to normal. No hypogly- - 
caemia was noted to follow this glycaemia. However, the animals continued 
to reveal evidence of prolonged impairment of renal function, with either tran- 
sient or fatal uremia. Death ensued in some animals after 8 to 10 days. Of 
some clinical interest are Devine’s observations on the effect of repeated small 
intravenous doses comparable to the therapeutic doses used in man. Six daily 
injections of one/sixth the lethal dose (5 mg./kg.) produced no alterations in 
the blood chemistry. These observations would seem to indicate that in thera- 
peutic doses, stilbamidine would not be expected to produce any clinical evidence 
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of hepatic or renal damage, unless such damage antedated the institution of 
therapy. 

Essentially similar findings were obtained by Wien, Freeman and Scolcher 
(1S9), who performed extensive studies on the glycaomic effects of the four 
principle aromatic diamidines. The main action of subcutaneously administered 
stilbamidine and pentamidine was hyperglycacmic only when doses in the sub- 
lethal range were employed. Propamidine produced marked hypoglycaemia 
in large subcutaneous doses. Intravenous doses of propamidine produced 
hypoglycaemia, or in larger doses a transient hyperglycaemia followed by a 
fatal terminal hypoglycaemia. Phcnamidine produced a delayed hypergly- 
caemia only after large doses indicating its relative lack of toxicity, compared 
to the other diamidines. In several animals studied by Wien and his associates, 
adrenalin hyperglycaemia was observed to be partially inhibited by stilbamidine. 
Ergotoxine reduced the hyperglycaemia caused by sublcthal doses of pent- 
amidine. Adrennleclomized animals revealed an inability to withstand prop- 
amidine-induced hypoglycaemia, as well as a failure to mobilize liver glycogen 
after sublcthal doses of stilbamidine. These findings were believed to indicate 
that the adrenals “played some part in the glycaemic action of both stilbamidine 
and propamidine, this by sympathetic stimulation or by direct action on glyco- 
genolysis.” In an attempt to clarify these findings somewhat Wien studied the 
liver glycogen content four hours after intravenous injections of propamidine 
in varying dosage. No depletion of liver glycogen could be demonstrated four 
hours after a single injection in a large number of rats, but repeated injections 
produced marked depletion of liver glycogen, which was however, associated 
with signs of toxemia, anorexia and starvation. These observations have been 
supported by pathological examination of the livers of rabbits, mice, guinea pigs 
and cows. 

The acute and chronic toxicity of stilbamidine was reported by Seager and 
Castlenuovo (150, 157). Oral administration of 100 mg./kg. daily to mice for 
120 days resulted in fatty metamorphosis of the liver and in some instances 
marked degeneration of the renal convoluted tubules. When 10 mg./kg. was 
fed for one week distension of the central and interlobular veins of the liver as 
well as cloudy swelling and degenerative changes in the renal tubules was noted. 
Rabbits could tolerate 100 mg./kg. subcutaneously for only. a few days while 
10 mg./kg. daily killed all rabbits before 10 doses were administered. The 
most marked tissue alteration noted were fatty metamorphosis in the liver and 
extensive tubular degeneration in the kidneys. Some degeneration of the 
glomerular epithelium was also evident. 

Impairment of liver function by the diamidines has been inferred by T)awes 
(51). He noted that adrenalin when injected into the portal venous system in 
animals treated with the diamidines caused a greater and more sustained rise 
in blood pressure than in a control animal. The response when adrenalin is 
injected into the jugular vien is lower in diamidine treated animals. The 
pressor effect observed when adrenalin is injected into the portal circulation of 
normal animals is usually lower than when it is injected into the systemic venous 
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system. This is attributed to inactivation of adrenalin by the amine oxidase in 
the liver. The action of the amidines as antagonists of this differential adrenalin 
response seemed to indicate some inactivation of the mono-amine oxidase in the 
liver. The amidines are not very strong inhibitors of the amine oxidase system 
(25) and Dawes therefore attributed the amidine action on adrenalin to a direct 
toxic action on the liver cells. Inhibition of the differential adrenalin effect 
may serve as a sensitive indicator of the hepatotoxic properties of chemical 
compounds. 

A diffuse fatty infiltration of the liver has also been noted following ma xim um 
tolerated doses of either propamidine or pentamidine. The experimental ob- 
servations in animals, that repeated small doses equivalent to therapeutic doses 
in man produce no discernible injury (53, 186), is supported by the fact that no 
published reports have yet appeared of liver damage occurring among several 
thousand patients thus far treated with one or several courses of the diamidines. 
A possible exception were several patients treated with old solutions of stil- 
bamidine deteriorated by exposure to sunlight (111). 

An evaluation of the experimental renal damage produced by the diamidines 
is hindered somewhat by the vide fluctuations in blood urea levels in animals 
suffering from the anorexia, syncope, and general toxaemia immediately following 
even therapeutic doses of the diamidines injected intravenously. Pathological 
examination of the kidneys of animals treated with large doses (20 mg./kg. rabbit) 
of propamidine and stilbamidine have revealed cloudy swelling, desquamation, 
and fatty degeneration of the renal convoluted tubules, whereas repeated doses 
of 2 to 5 mg./kg., equivalent to therapeutic levels in man, produced no histological 
changes Avhatsoever. After either the subcutaneous, intramuscular or intrave- 
nous routes of administration similar transient impairment of renal function was 
observed after maximal tolerated doses. Some animals were seen to die suddenly 
from uremia ten days after a single injection of a large dose of diamidine. These 
findings have led Arai and Snapper (14) to caution against the use of stilbamidine 
in patients with tubular nephrosis from multiple myeloma even though there is 
no evidence of renal toxicity following prolonged treatment with stilbamidine in 
man. 

b. Respiratory and Vascular Effects. All four of the diamidines have a marked 
depressor action on the blood pressure as measured in intact animals, or in isolated 
physiological preparations (186). The drop in blood pressure is attributed to 
vasodilation in the smaller arteries and arterioles. The dilatation is believed to 
be a direct action on the blood vessel and independent of any central or nervous 
mechanism (186). This depressor effect is reduced somewhat in the intact 
animal by atropine. The pressor action of adrenalin is counteracted markedly 
by the diamidines. Marked tachyphylaxis in the vasodepressor response is ob- 
tained after rapidly repeated doses of any of the diamidines. In isolated heart- 
lung preparations, Wien (186) noted that concentrations of 1 : 2000 stilbamidine 
produced an increase in the rate and force of the heart beat, and higher concentra- 
tions had a moderate depressing action. However, the small magnitude and in- 
constancy of these changes suggested that the vasodepressor action of the diami- 
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dines was not due to any direct effect on tho heart itself. Despite the frequently 
marked transient vnsodepression following intravenous injections of the diami- 
dines in man no evidenco of cardiac toxicity por so has been reported. Wien 
(18G) lias also noted an antagonistic effect of calcium, when administered pnren- 
terally, on the fall of arterial pressure in animals. Oral feeding of calcium was 
incapaple of protecting mice from the depressor action of stilbamidine. Atropine 
(14), and adrenalin, (141, 1G7), have been used to overcome tho immediate synco- 
pal reactions in man. Neither of these agents, singly or in combination yielded 
satisfactory results. Repeated intramuscular injections, or a controlled continu- 
ous intravenous drip of the diamidino solutions have been tried to prevent the 
syncope often observed following single intravenous injections (101). 

The effects of diamidincs on the respiratory system are less striking than those 
on the vascular system, both as to degree and site of action. In rabbits and 
guinea pigs, large intravenous doses first produced a small increase, and later a 
decreaso in respiratory rate. Tho slower type of respiration is also characterized 
by respiratory difficulty, deep brcatliing, simulating dyspnea. This has been at- 
tributed to the frequently associated drop in blood pressure. In rats and guinea 
pigs, Wien has concluded that there is no evidence of any direct depression of the 


respiratory center (18G). 

c. Central Nervous System Effects. In several short-term experiments Wien 
(18G) reported little or no effect of stilbamidine on tho central nervous system 
of guinea pigs, rabbits, or mice. No convulsions, depression of the respiratory 
center, or significant effect on tho isolated knee-jerk preparation was noted. In 
these species the principle sites for the toxic action of sublethal doses appeared to 
be tho liver and kidneys. However, in the dog, whose central nervous system is 
known to be very susceptible to the toxic manifestations of numerous pharmaco- 
logic agents, several observers have reported evidence of marked central nervous 


system damage from propamidine and stilbamidine. Kirk and Sati (115) ob- 
served transient paresis in dogs after large doses of propamidine. Lourie and 
Yorke (127), and Oastler and Fidler (143), noted that maximum tolerated doses 
of even freshly prepared solutions of stilbamidine produced vomiting, defecation 
tremors, followed in some cases by foot drop, spastic paresis, decerebrate rigidity* 
mania, and later coma. Because of the frequency of late toxic neuropathy of the 
face in man (v.i.) the latter investigators (143) studied the chronic central ner 
vous system toxicity of fresh stilbamidine solutions at therapeutic dosage levels' 
Ten dogs received 0.8-2.0 mg./kg. intravenously each day for four to.twentv one 
injections. Several dogs died and the remainder were sacrificed at the end of th 
period. Five dogs showed clinical signs of central nervous system damage veri- 
fied post-mortem. The degree of cerebral damage could nnt „„ , . , . : 

the amount of drug administered. The autoprieTSs 
softening, inflammation of the meninges, together with u , cerel3raI 

bosis within the cerebrum. Microscopically, cellular infilfmr * rom ' 

the walls of blood vessels, and myelin degeneration was noted ’ Th thlC ,^ emnB of 
eluded that the cerebral lesions were a result of vasmlnr » ’ ^ C au | ; lors con ' 

partially to the rate of injection. spasm or anoxia, related 
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d. Other Pharmacologic Effects. A direct stimulating effect on the tone of the 
smooth muscle of the rabbit uterus and intestine has been described by Wien 
(186). Concentrations of the diamidines as low as 1/10,000-1/25,000 could 
elicit smooth muscle contraction. Guinea pig smooth muscle did not respond 
however. Inhibition of adrenalin stimulation of tissues after they had been 
exposed to dilute solutions of stilbamidine was also noted. Solutions of stilbami- 
dine greater than 1:5000 produced spontaneous contraction of striated muscle. 
Wien (186) postulated that the drug increased the sensitivity of nerve muscle 
preparations by reducing the concentration of calcium and lowering the calcium- 
phosphorous ratio. In both dogs and rabbits Wien, Freeman and Scotcher (189) 
reported a slight fall in serum calcium and serum potassium nothin the first four 
or five hours after injection of stilbamidine, propamidine or phenamidine. In 
rabbits the reduction in potassium ion concentration exceeded the drop in cal- 
cium ion while in dogs both fell proportionately. They believed that these 
changes in calcium and potassium serum levels may account for the general stimu- 
lative effect of the diamidines on muscle. The generalized, vasodilatation which 
could be modified by injection of calcium salts was not associated with the diami- 
dine reduction of calcium and potassium concentrations. 

e. Blood and. Reticulo-Endothelial System. Even in massive fatal doses of stil- 
bamidine or propamidine there was no evidence of any toxic action on the hema- 
topoetic tissues of guinea pigs. Depression of the hematopoetic system has like- 
wise not been reported in man. As measured by the Congo Red index (a proce- 
dure 'which is open to question), stilbamidine (90) did not alter the efficiency of 
the reticulo-endothelial system. 

IV. THERAPEUTIC APPLICATION 

1. Trypanosomiasis 

a. Laboratory Animals. The early investigations of Lourie and Yorke (127, 
192) established the aromatic diamidines as potentially potent chemotherapeutic 
agents in infections with African species of trypanosomes ( T . rhodesiense, gam- 
hiense, equiperdum, evansi, equinnum , brucei). In vitro , dilutions as high as one 
part in 200 million were trypanocidal. 

In vivo against arsenic-fast and germanin-fast strains of T. rhodesiense, single 
doses of .005 mg./20 gm. mouse cleared the peripheral blood. Permanent cures 
were obtained with single injections of .01-.05 mg. Since most animals could 
tolerate 1.0 mg./20 gm. mouse intraperitoneally a minimal therapeutic index of 
30 was often attained. This compared favorably with pre-existing drugs used in 
human trypanosomiasis (see Table 3) (184). In rats, rabbits, and guinea pigs 
infected with T. rhodesiense , the therapeutic index of the diamidines was similar 
to that found in mice. However, in mice infected with T. congolense, only the 
maximal tolerated doses of stilbamidine were effective (127) and frequently pro- 
duced only temporary’’ sterilization of the blood stream. Temporary sterilization 
or cures of infections with T. lewisii (S) have been obtained only by maximal 
tolerated doses of stilbamidine in rats. According to Lourie and Yorke (127) T. 
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cruzi, in either the blood-stream or tissue forms, was unaffected by maximal doses. 
It may be of considerable clinical importance that stilbamidine consistently dis- 
played somewhat higher therapeutic indices (78, 81, 127) than the other diami- 
dines against the more sensitive trypanosome species. Against the more resistant 
T. congolcnsc, Fulton and Yorke (81) have reported that dimethyl stilbamidine 
(SN 311) (191), was twice as active ns stilbamidine itself (187). 

Drug resistance has been easily produced in both Trypanosome (192) and 
Babesia (37) strains within a period of several weeks by repeated subcurotive 
doses. It extends across to all of the dinmidinc compounds. Even in the ab- 
sence of drug and despite serial animal passage, such resistance has been main- 
tained for several years. 

The vast species difference among trypanosomes in response to diamidines has 
not been explained, although it is well known that the metabolism of T. cruzi and 


TABLE 3 


Comparison of Diamidines with Other Pharmacologic Agents in Trypanosomiasis 



MICE (t. bhodesiense) * 

BABBITS (T. BHODESIENSe)** 

M.C.D. 

M.T.D. 

TJ. 

M.C.D. 

M.T.D. 

T.I, 

Atoxyl 

2.0 


■SI 




Tryparsamidc 

20.0 


ES9 

1.0 

1.0 

1.0 

Stilbamidine 

0.025-0.05 


EH 

5.0 

20.0 

4.0 

Proparoidino 

0.05-0.1 


15.0 




Pentamidine 

0.05-0.1 


15.0 

G.O 

20.0 

3.4 


* mg./20 gin* mouse. 

** mg./kg- 

M.C.D. = Minimal Curative Dose. 

M.T.D, = Maximum Tolerated Dose. 

rp T n,, , « t i Maximum Tolerated Dose 

T.I. Therapeutic Index = ■■ r -. — — ; 

Minimal Curative Dose 


T. Icunsii differs markedly from that of the African species. For, example, von 
Brand, Johnson, and Rees (30) have shown that the response to certain enzyme 
inhibitors varies widely. Cyanide inhibited the respiration of T. cruzi (30) and 
T. lewisii but according to several workers did not inhibit T. rhodesiense or T. 
eqttipcrdum (41, 183). In addition, it has been known that the “African” species 
of trypanosomes utilize large amounts of glucose (40, 83) and oxygen whereas the 
former species utilize relatively little glucose (40). Whether these species differ 
in enzyme constitution has not yet been established, nor has any correlation been 
made between the known action of the diamidines upon certain enzyme systems 
and their therapeutic efficacy (see section II). Our understanding of drug action 
in man is still obscure. It would seem that worthwhile clues might be obtained 
by a study of those differences in Trypanosome metabolism which would account 
for the varied species response to diamidines. 

b. Stock Animals. Synthalin administered at the maximum tolerated dosage 
has been shown to bo ineffectual for horses and cattle infected with T. congolense. 
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Yorlte (194) has stated that the therapeutic index is too narrow to offer any hope 
of eradication with stilbamidine. Daubney and Hudson (49) abandoned pen- 
tamidine after several animals relapsed on ma ximum doses and developed delayed 
liver atrophy. Among several recently studied aromatic diamidines, 4,4' diami- 
dino a: (3 dimethyl stilbene has been shown to be twice as active as any previous 
diamidine in T. congolense infections in mice (81, 187). After incomplete clinical 
trials, Carmichael and Bell (36) reported that in cows a few cures could be ob- 
tained with repeated maximum tolerated doses of 10 to 12.5 mg./kg. intrave- 
nously. For smaller laboratory animals this dosage produced immediate fatal 
reactions. Repeated smaller doses subcutaneously or intramuscularly were bet- 
ter tolerated and resulted in cure of a small proportion of these laboratory 
animals. More satisfactory ^results may perhaps be obtained by further study 
of the optimum dosage and route of administration. In general, the outlook for 
control of equine tiypanosomiasis with the aromatic diamidines now in clinical 
use is poor. 

c. Man. In the treatment of both Gambian and Rhodesian sleeping sickness, 
pentamidine, propamidine, and to a lesser extent stilbamidine, have been effective 
provided treatment was administered in the early stages of the disease (123). 
In both man and animals, the blood and the lymph-node puncture juice became 
sterile in from 48 to 72 hours from the onset of treatment (29, 93). It is doubtful 
whether the diamidines penetrate readily into the cerebro spinal fluid. Patients 
with marked spinal fluid changes (cell count above 30 wbc/mm. 3 ) frequently 
showed little clinical improvement despite large doses of drug intravenously (29, 
93, 134). It is probable the lack of effect in late cases was a result of irreversible 
pathological changes in the nervous system, plus poor penetration of the drug 
into the spinal fluid. The neurotoxic properties of large doses of diamidines may 
also be a factor in the poor results observed with cases in which therapy was de- 
layed. The intrathecal administration of diamidines does not seem feasible 
because of their irritating action after local administration. 

In patients classified as "early” (below 30 wbc/mm. 3 in spinal fluid), cure rates 
of almost 100% have been reported (95, 123), whereas tryparsamide and antrypol 
have resulted in an 85-95% cure rate in this stage. With more advanced cases 
of the "intermediate” type (30-80 cells/mm. 3 of spinal fluid), a 50-90% cure rate 
has been observed with stilbamidine (84, 122). When the spinal fluid cell count 
is above 80/mm. 3 50-80% cures have been reported with a pentavalent arsenical 
as compared to approximately a 30% cure rate produced by the diamidines (95). 
It is the consensus of most observers that, in the typical undernourished African 
native, pentamidine (94) and propamidine are distinctly less toxic (151) and more 
effective (122) than stilbamidine. They may be given intramuscularly with mini- 
mal local or systemic toxicity. The details of the reported clinical trials are pre- 
sented in Table 4. It will be noted that drug response varies according to the 
virulence of the particular local strain, the nutritional status of the native popula- 
tions, and the dosage schedule employed. Comparative therapeutic evaluation 
is not reliable unless the diamidines and arsenicals are tested with the particular 
local strain under consideration. 



TABLE 4 

Summary of Aromatic Diamidine Therapy in Human Trypanosomiasis 
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Although all observers are agreed that the diamidines are valuable adjuncts in 
the control of human trypanosomiasis, there is no unanimity as to the drug of 
choice. Van Hoof et al. (181) stated that, if the first dose of tryparsamide did 
not clear the blood, pentamidine should be administered. Several thousand 
patients have been treated with pentamidine, propamidine or tryparsamide, alone 
or combined with suramin. Lourie (123) concluded that pentamidine and pro- 
pamidine were the drugs of choice even against severe early forms of Gambian 
sleeping sickness. From an administrative aspect, diamidine therapy offers cer- 
tain advantages over tryparsamide therapy. It may be administered intramus- 
cularly by non-specialized personnel. It is economically more feasible. It may 
be given to children. These are important factors in the treatment of large 
communities of African natives. An inherent disadvantage is that a spinal 
puncture must be performed on all patients prior to the institution .of therapy. 
If the spinal fluid protein is greater than 500 mg. per 100 ml. and if more than 
80-100 cells/mm. 3 are present, tryparsamide and antrypol offer better hopes 
for cure. 

The diamidines compare favorably with the pentavalent arsenicals with respect 
to their clinical toxicity. During the treatment of approximately 500 cases, the 
only fatality attributed to the diamidines (pentamidine) was that reported by 
McComas and Martin (131). Their patient, with severe central nervous system 
involvement prior to treatment, developed status epilepticus and coma following 
a third intravenous injection of 100 mg. of pentamidine. It was difficult to deter- 
mine whether a Herxheimer reaction, an inherent drug toxicity or pre-existing 
cerebral lesions were at fault. Autopsy revealed chronic perivascular cuffing in 
the cerebrum which was believed to have antedated diamidine therapy. Pen- 
tamidine has been used in patients who had previously shown signs of arsenic 
poisoning without any untoward effects. 

At present careful studies of dosage schedules, routes of administration and 
duration of treatment are being conducted. In general, most investigators have 
given 8 to 14 injections of pentamidine in doses of 1 mg./kg. I.V. and 2 mg./kg. 
I.M. Stilbamidine, because of its greater toxicity, has been supplanted by 
propamidine or pentamidine in the treatment of trypanosomiasis. No reports 
of therapeutic results with the newer methylstilbene derivatives have been noted. 

d. Prophylaxis. In guinea pigs, Van Hoof et al. (181) observed that T. gam- 
biense may be cleared from the peripheral blood and gland juice with a single dose 
of pentamidine as low as 2 mg./kg. With this dose, the blood-free interval varied 
from 11 to 125 days before relapse ensued. This suggested to Van Hoof the pos- 
sibility of prophylactic action in man. Two volunteer laboratory workers were 
given a single dose each of pentamidine, 2 mg./kg. and 3 mg./kg. respectively. 
For the following months, they were bitten every two or three days by heavily 
infected Tsetse flies. After periods of nine and twelve months the volunteers 
contracted an infection. However, the clinical course was atypical. The blood 
cultures and smears were frequently negative and the temperature remained 
normal. Both volunteers were cured with suramin. In a similarly treated group 
of natives from a densely infected area of the Belgian Congo, Van Hoof, et al. 
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(182) noted no infections during a three month period, whereas 2.5% of a control 
group developed now infections during the same interval. Fulton stated that 
this type of protection was a manifestation of inapparent immunization also, 
rather than one of true prophylactic action. Mice so treated resisted massive 
inoculations of T. rhodesiense and T. congolcnsc for only two to four weeks. 
When inoculations of light suspensions of trypanosomes were used, protection for 
periods of 8 to 24 weeks was observed. Among mice not completely protected, 
the infection often took a prolonged irregular course. Thus, prophylactic ac- 
tivity probably existed for a variable period after administration of the diami- 
dines. According to Fulton this period was proportional to tho therapeutic index 
of tho drug and its rate of excretion. Fulton and Lourie (70) investigated the 
immunity of mice cured of trypanosome infections. Tire strains of trypanosomes 
employed were: 

a. T. rhodesiense 

1. laboratory strain 

2. atoxyl-fast strain 

3. suramin (antrypol, Bayer 205) fast strain 

b. 7\ cquinum 

c. T •cquiperdum 

d. T* congolcnsc 

The mico were treated with 4,4' diamidiano a'.fi dimethyl stilbene or reduced 
tryparsamide thioglycollate. Three types of response were noted after reinocu- 
lation. The first type was reinfection after the usual incubation period indicat- 
ing no immunity. Slight immunity was evidenced by infection after a delayed 
incubation period while absence of infection indicated definite immunity. No 
cross immunity between the various strains of trypanosomes was observed. 
Homologous immunity was observed to varying degree. No immunity between 
T. rhodesiense and the suramin fast variant was observed although such immu- 
nity was complete versus the atoxyl fast strain. 

2. Babesiosis 

Lourie and Yorke (128) first demonstrated marked action of most of the diami- 
dines against Babesia canis infections in puppies. These drugs appeared to be 
far superior to either Trypan blue, or acaprin, 6 the two pre-existing therapeutic 
agents. However, if subcurativo doses were given, a rapid drug resistance devel- 
oped which persisted in some strains for many years despite frequent animal 
passage. Fulton and Yorke demonstrated drug resistance extending across to 
the several diamidines in use (77). Infections with tick fever (B. canis ) in dogs 
have yielded very satisfactorily to treatment even among advanced cases in 
which hemoglobinuria and shock were present. Daubney and Hudson reported 
that in 16 dogs satisfactory cures were obtained with stilbamidine (50). Tran- 
sient toxic reactions such as swelling of the face, hyperesthesias, dyspnea, and 
tremor were observed but these signs usually disappeared after a half hour. In 
11G animals Carmichael and Fiennes (37) reported that propamidine (5 mg./kg. 

6 Acapria is 6:G'(di-N-methyl qumolinium-methosulfatc) urea. 



356 


EMANUEL B. SCHOENBACH AND EZRA M. GREENSPAN 


I.M. once or 2.5 mg./kg. twice) resulted in 95% cures. The immediate transient 
toxic reactions were less marked than with pentamidine. Relapses were easily 
treated. Subsequently Carmichael (34) reported that in a series of 25 cases 
phenamidine (M & B 736), in doses of 10 mg./kg. subcutaneously, was tolerated 
better than any of the previous diamidines in use. Most animals showed clinical 
improvement, sterilization of the blood, and febrile lysis within 12 to 24 hours 
from onset of therapy. These observations were confirmed by Pierse (144). 
Similar favorable results occur in B. ovis infections in goats (7) and B. bigeminus 
infections in calves treated with stilbamidine, but in B. cabelli infections (biliary 
fever of horses) the therapeutic index appeared small in the few cases treated by 
Daubney and Hudson (50). 

Adler and Tchemomoretz (7) observed no effect on experimental infections of 
T. annulata (Theileriosis), A. ovis, and A. marginata infections (Anaplasmosis) 
of calves and goats. 


8. Leishmaniasis 

a. Leishmaniasis in Animals. At the suggestion of Yorke, who first observed 
the trypanocidal and leishmanocidal activity of the diamidines in vitro, Adler and 
Tchemomoretz (8) studied the action of stilbamidine on a strain of L. donovani 
in Syrian hamsters. With repeated single doses of from 2.5 to 20 mg./kg., stil- 
bamidine promptly cured both mild and severe infections in these animals. • In 
vitro, stilbamidine inhibited growth at a concentration of 1:20,000 whereas 
neostibosan permitted growth in concentrations of 1 : 100. These same authors 
extended their observations (9) to hamsters infected with the organism of Medi- 
terranean cutaneous leishmaniasis, L. infantum. Somewhat reduced therapeutic 
activity was noted than upon L. donovani, thus supporting clinical observations 
to this effect (v.i.). In a recent comparative study of the three principal diami- 
dines, Adler, Tchemomoretz and Ber (10) could find no correlation of in vitro 
with in vivo tests. Collier and Lourie (46) found that the in vitro sensitivity of a 
leishmanial strain varied with the temperature employed for testing. At 24°C. 
the anti-leishmanial titer was one to 50,000 for phenamidine, 250,000 for pentami- 
dine and 125,000 for stilbamidine. At 34°C. these titers were 500,000, four 
million, and two million respectively. These authors present an excellent discus- 
sion on the relationship of structure of chemical compounds to their anti-trypan- 
osornal and anti-leishmanial activity. Although pentamidine and propamidine 
were equally as effective as stilbamidine in vitro, they were incapable of eliminat- 
ing severe infections of L. donovani which would otherwise yield to stilbamidine. 
Phenamidine (4:4' diamidino-diphenyl ether) did not control mild infections in 
Syrian hamsters even after repeated injections of 10 mg./kg. (9). Among the 
newer aryl diamidines, Fulton (72) has noted that the monomethyl and dimethyl 
derivatives of stilbamidine were almost as effective as stilbamidine itself against 
Leishmania donovani in hamsters. (These methyl derivatives were more effective 
than stilbamidine against T. congolense.) In a few preliminary experiments a 
2 hydroxy-stilbamidine derivative proved equal to stilbamidine itself. 

So far no reports have been noted relative to the prophylactic action of the 



AROMATIC DIAMIDINES 


357 


diamidines in Leishmaniasis. The relationship of drug dosage to the establish- 
ment of dinmidine-resistant strains of Leishmaniasis in animals has also not been 
reported. 

f>. Hitman Leishmaniasis. The anti-leishmanial action of the diamidines in 
animals was confirmed in patients suffering from Indian Kala-azar. After a 
short course of stilbamidine, consisting of 1 mg./kg. intravenously for eight days, 
Adams and Yorke (3, 4) and Wingfield (190) observed sterilization of blood and 
bone marrow and prompt remission in fever, anemia, and hepatosplenomegaly in 
three British seamen. Two of the patients suffered from severe infection pre- 
viously not responding to pentavalent antimony. Following these accounts, 
Napier et al. (138, 141) treated a series of 101 patients including many antimony 
resistant cases. With a course of 8-12 intravenous injections of 1-2 mg./kg., 
there were 9S cures, two relapses and one death. Immediate syncopal reactions 
were troublesome with the single syringe technique but did not necessitate inter- 
ruption of therapy. These results definitely established stilbamidine as a potent 
clinical agent for the therapy of Indian Ivala-azar. However, against the more 
resistant Sudanese Ivala-azar, the same dosage yielded only 24 cures among 28 
patients as reported by Kirk and Sati (113, 114, 115). Theselatterauthorsnoted 
permanent cures in two cases of espundia. In Mediterranean infantile leish- 
maniasis, Adlar and Rachmilewitz (G), and Siisskind and Roth (174) reported 
that stilbamidine was an effective agent when sufficiently large doses were ad- 
ministered over a period of several months (30 injections of 1-2.5 mg./kg.). In 
one boy of 5| years, a relapse occurred aftor a total of 1.17 gm. stilbamidine had 
been given. A subsequent course of .54 gm. urea stibamine was ineffectual. 
However, a second course of 3.75 gm. of stilbamidine effected complete recovery. 
Another patient, a boy of 10 years with a serious disease of three years duration 
was treated for five months with daily intravenous injections of 50 mg. stilbami- 
dine. A total dose of 5.5 gm. was administered without serious toxic reactions. 
Although these patients and others (57) were cured by stilbamidine, it was appar- 
ent that only prolonged treatment with this drag would eradicate the majority 
of Mediterranean strains of Leishmaniasis. 

Prolonged administration of stilbamidine has been shown to be associated 
with the appearance of a late chronic toxic neuropathy of the trigeminal nerves. 
Because of the acute and chronic toxicity of stilbamidine and despite the superior 
therapeutic activity of stilbamidine in animal leishmaniasis, the clinical useful- 
ness. of other diamidines has been studied. 

In a series of 32 cases, Napier and Sen Gupta (140) observed that pentamidine 
cured 19 of 31 ordinary cases. In contrast to stilbamidine, intravenous adminis- 
tration of pentamidine produced few untoward immediate or late reactions. In 
Sudanese Kala-azar, Kirk and Sati (115) observed 10 cures among a group of 
thirteen patients. Both oro-pharyngeal leishmaniasis (105) and extensive skin 
lesions (112) have been reported to yield promptly to pentamidine therapy. 

In summarizing their experiences Napier and Sen Gupta (140) among others 
(1, 13, 85, 160, 104, 177, 178) believed that pentamidine was inferior to stilbami- 
dine and to the best pentavalent antimony preparations. Stilbamidine was 
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deemed the treatment of choice in patients with intercurrent tuberculosis in 
whom antimony was contraindicated (161). Because of the neuropathic sequelae 
of stilbamidine, pentavalent antimony was preferred for untreated cases of Indian 
Kala-azar in whom a cure rate of approximately 95% had been noted, over a 
period of many years. 

The reported cases of propamidine-treated Kala-azar have thus far been limited 
to three in number. Adams (2) reported a cure in a single case of Indian Kala- 
azar. This case was treated with only nine intramuscular injections of 100 mg. 
each, whereas Kirk and Sati reported (114) one death and one permanent recov- 
ery, with a slightly larger dosage schedule. 

More recently Sen Gupta (162, 163) studied the therapeutic action of phenami- 
dine (M & B 736), (4:4' diamidinodiphenyl ether), in Indian Kala-azar. Treat- 
ment consisted of ten daily injections of 1.0 mg./lb. intravenously repeated after 
a ten day rest period. Among 21 adequately followed patients, there were 16 
cures and five relapses. Sen Gupta concluded that phenamidine was non-toxic 
but inferior to pentavalent antimony and stilbamidine. No case of trigeminal 
neuropathy or peripheral neuritis occurred. One patient developed malarial 
fever during treatment. 

While a final evaluation of diamidines in the treatment of leishmaniasis must 
await further study of the newer derivatives, experience thus far seems to indicate 
that the most potent leishmanocidal agent, stilbamidine, is too toxic for general 
use. Its use will probably be confined to antimony resistant cases of Indian 
Kala-azar, (177). In the treatment of Mediterranean, Chinese and Sudanese 
Kala-azar, stilbamidine may yield results so superior to antimony (13, 97, 110, 
159) that, despite the incidence of late toxic neuropathy, it will be adopted as the 
drug of choice. Whether the production of diamidine resistant strains by the 
present dosage techniques will be an important factor in the future remains to be 
seen. The apparent development of resistance to stilbamidine after a course of 
twelve injections of 150 mg. intravenously has been observed in patients infected 
with Mediterranean Kala-azar (personal observation, E.M.G.). Since such re- 
sistance applied to the four diamidines tested, both in vitro and in vivo, the entire 
usefulness of the diamidines may be sharply limited unless satisfactory methods 
are developed for the prevention of drug-resistance by various therapeutic 
techniques. 


4 . Malaria 

Christophers and Fulton (42) demonstrated that a considerable number of 
monkeys otherwise fatally infected with P. knowlesi, could be saved with N-unde- 
cane 1-11 diamidine. The drug was ineffective in P. relictum infections, of 
canaries at maximum doses, and was somewhat less effective and slower acting 
than atebrin in P. knowlesi infections. However, it was deemed worthy of clini- 
cal trial in man. Glyn-Hughes, Lourie and Yorke (86) studied 18 patients thera- 
peutically infected with simple tertian malaria, and one patient with quartan 
malaria. The patients were treated with doses of 25 mg. three times daily 
intravenously or 50 mg. twice daily orally. One or two paroxysms were usually 
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noted after treatment had been instituted. Parasites disappeared from the 
blood in from 3 to 0 days. Relapses occurred in from one to six months. Unde- 
cane diamidine was thus inferior to atebrin in both man and animals. It is of 
interest that oxygen uptake of in vitro suspensions of “parasite substance’’ ( P . 
L-nowksi) studied by means of the Barcroft manometer, were inhibited by unde- 
cane diamidine to a much greater extent than by either quinine or atebrin. 

The aromatic diamidines (stilbamidine, pentamidine) were as ineffective as 
undecane diamidine in P. rcliclum infections in canaries. Pentamidine delayed 
infection for brief periods (09). In monkey malaria both stilbamidine and pen- 
tamidine bad curative activity (09). Das Gupta and Siddons (48) have con- 
firmed the general antimalarial effect of the diamidines. They treated 20 mon- 
keys heavily infected with P. knowlcsi. In the otherwise fatal primary attack, 
doses of 1 to 5 mg./kg. of stilbamidine saved 10 of the 20 animals. Relapses were 
somewhat more frequent than were usually observed after atebrin treatment. 
Although no experimental trials in naturally acquired human malaria have been 
reported, Sen Gupta (103) has observed that, in a highly endemic area, malaria 
is seldom seen in patients undergoing stilbamidine treatment for kala-azar. 
Prom this evidence, it has been inferred that the diamidines display some plasmo- 
dicidal activity at therapeutic levels in monkeys and man. It seems improbable 
that the diamidines will prove effective in P. falciparum infections. The activity 
of the aromatic diamidines versus various experimental malarial infections is 
summarized in a report by the Committee on Medical Research of the Office of 
Scientific Research and Development (191). 6 

5. Filariasis 

The effect of stilbamidine on filariasis has been reported by Snapper and Mer- 
liss (108). Two coses of infection with IF. bancrofti were completely uninfluenced 
by treatment with stilbamidine in doses of 150 mg. intravenously. 

0. Schistosomiasis 

At the suggestion of Yorke, Stephenson (173) treated nine cases of Schistosomi- 
asis. Two were regarded as cured, two were improved and five were unaffected 
by a course of 15 injections of 150 mg. of stilbamidine diisethionate. Cawston 
(38) noted no effect whatsoever on several patients treated with the drug. The 
authors conclude that stilbamidine is probably of no value in the treatment of 
Schistosomiasis. 


7. Rheumatoid Arthritis 

With the premise that the diamidines might influence some unknown and pre- 
sumably infectious agent in rheumatoid arthritis, Rosenberg (148) has treated 

6 Stilbamidine — SN 251 . 

Phenamidine— SN 9,404. 

Propamidine — SN 6. 

Pentamidine— SN 9,408. 

Data on other aromatic diamidines screened in the Malaria Survey are included (191). 
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four cases with a total of one gram of stilbamidine and two with a similar dosage 
of propamidine. No alterations were observed in either bone pain or clinical 
symptoms. This observation and those of Snapper’s (166) confirm the fact that 
stilbamidine is not a general analgesic for the suppression of bone pain either by 
action on the central nervous system or on peripheral nerves. 

8. Osseous Metastatic Carcinoma 

Snapper (165) and Greenspan (personal observation) did not observe any effect 
on bone pain or the clinical course of the disease when several patients s uff ering 
from generalized bone metastasis from carcinoma of the breast were treated with 
stilbamidine. 


9. Multiple Myeloma 

Because both kala-azar and multiple myeloma are diseases characterized by 
marked alterations of blood proteins, and because he had observed the remarkable 
therapeutic action of stilbamidine on the former disease, Snapper (166) first insti- 
tuted the administration of stilbamidine for the treatment of patients with 
multiple myeloma. From the outset it was soon apparent that the most out- 
standing clinical effect of the drug was the dramatic relief of the severe generalized 
bone pain so characteristic of this disease (12, 135, 104, 167). Remission in bone 
pain occurred usually between the fourth and sixth daily injection and remained 
more or less permanent. In a large number of patients, Snapper (167) and 
Snapper and Schneid (169, 170) witnessed the appearance of large basophilic in- 
clusion granules in the cytoplasm of the myeloma cells. These were visualized 
with ordinary Wright or Giemsa stains of bone marrow spreads. The cytoplas- 
mic granules were observed to appear between the third and sixth week after the 
onset of therapy, when amounts varying from 1.8 to 3.6 grams of stilbamidine 
had been administered. 

A series of studies in which specific staining techniques, ultraviolet absorption 
spectra, ultraviolet microscopy with monochromatic light, as well as preparations 
of the specific enzyme, ribonuclease, were used, led Snapper and his associates 
(171) to infer that the precipitated granules were composed of complexes contain- 
ing ribose nucleic acid and stilbamidine. It is noteworthy that among a series 
of more than 30 patients, granules appeared only in those patients manifesting 
hyperglobulinemia, Bence-Jones proteinuria or both (approximately 60% of the 
series) (170), Relief of bone pain was noted in almost all patients however. 

Aside from the relief of bone pain, the clinical course of patients treated with 
stilbamidine did not reveal any clear-cut difference from the course usually ob- 
served among untreated myeloma patients. For example, in no case was there 
evidence that the myeloma cells were so damaged as to lead to cell death. There 
was no indication that myeloma cells were reduced in the bone marrow as the 
myeloma cells remained in their approximate former ratio to other cells. There 
was no apparent alteration of the blood proteins. Nevertheless, in no patients 
in this group did Snapper (167) observe progressive expansion of osteolytic bone 
lesions after the onset of stilbamidine therapy. 



Snapper (167, 170) advocated a low-protein diet and believed that this was 
requisite for good results with stilbamidino therapy. Presumably the low protein 
diet avoids the antidiamidinc effect of proteins rich in nucleic acids. In two pa- 
tients, pentamidine was stated to give relief of bone pain after stilbamidine had 
failed but in other cases the opposite was noted. After pentamidine administra- 
tion, granules in myeloma cells were not observed. 

These observations arc difficult to interpret. The effect of stilbamidine on 
prognosis is also not yet clear. Cures are not claimed nor is there any objective 
evidence concerning the extent of clinical or pathological arrest of tho disease. 
Mellinger (135) reported a case treated at the Massachusetts General Hospital 
with 50 mg. intravenously every other day for 10 days and noted a diminution 
in pain. 

A follow-up averaging ten months in Snapper’s series of cases revealed that four 
of fifteen patients had died (14, 100, 107), two of these with myeloma kidney, one 
with tlirombopenia, and one with paraplegia. In a recent large series of mye- 
loma cases not treated with stilbamidine, the average life expectancy was 18.8 
months (17). Several years or more will be necessary before proper evaluation 
can be made of Snapper’s results with stilbamidine. Nevertheless, the important 
observation has been made that this new therapeutic agent has the ability to 
influence specifically the morphology, and presumably the metabolism, of a spe- 
cific human neoplastic cell type. There is some evidence that other aromatic 
bases may have similar potentialities with respect to tumor metabolism and that 
the formation of drug-precipitates within certain cells of the hematopoietic tissue 
is not unique with stilbamidine. For example, basophilic inclusion bodies have 
been reported to occur in the cytoplasm of lymphocytes of nine different species 
of mammals and avians following the administration of atebrin, an acridine dye 
with fluorescent properties similar to stilbamidine. It is noteworthy that the 
N-acridine group, together with the quinolines, phenazines, diamidines, and 
quaternary ammonium derivatives, form a large group of aromatic bases which 
are being carefully studied as possible chemotherapeutic agents of animal tumors. 
Dickens (55) surveyed the metabolic effects of such compounds. Using respira- 
tory studies on normal and neoplastic tissue cultures immersed in solutions of a 
given drug, he noted that, among a large number of compounds, N-undecane 
1 1 1 diamidine inhibited the Pasteur effect more completely than “any compound 
yet known.” N-undecane 1-11 diamidine had already been known as the alkyl 
analogue of stilbamidine with pharmacological properties similar to the latter 
compound. Later, as previously mentioned in this review, Haddow, Harris and 
Kon (91, 92) observed inhibition of transplanted Walker carcinoma, and other 
transplanted tumors in rats treated with 4:4' dimethylaminostilbene. More 
recently Kopac (118, 119, 120), has observed arrest of mitosis and selective de- 
struction of tumor cells in tissue cultures, as well as denaturation of specific 
nucleo-proteins by physiological concentrations of stilbamidine. With this 
pharmacologic and experimental evidence it seems entirely possible that Snap- 
per’s clinical results in multiple myeloma may represent a rational extension of 
the observed action of stilbamidine as a tumor inhibiting agent with perhaps 
more than theoretical implications. 

Snapper (personal communication, July, 1948) has treated six cases of multiple 
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myeloma with 2-hydroxystilbamidine. Basophilic granules have appeared in the 
cytoplasm of the myeloma cells. These granules contain ribose nucleic acid but 
combination with 2-hydroxystilbamidine, as with stilbamidine, has not yet been 
demonstrated. Therapy with this stilbamidine derivative has been well tolerated 
even when higher dosage than that employed with stilbamidine has been used. 
Trigeminal anaesthesia has not been noted with 2-hydroxystilbamidine although 
the period of observation since therapy was completed is relatively short. 

A summary of 194 cases of multiple myeloma, excluding 26 cases reported by 
Snapper (166, 167), treated with the di-isethionate salt ofs tilbamidine has been 
prepared by the Medical Division Merck & Co., Inc. (R. C. Pogge, April 1948). 
The patients were treated by 150 different investigators and it is not feasible to 
abstract this survey in detail. Approximately 63.0 per cent of the patients, in 
whom pain was a predominant symptom, experienced some relief. Complete 
amelioration of pain for a significant period was reported in 24.7 per cent of these 
patients. Serial X-Ray examinations of 99 cases revealed no change in the size 
or character of the lesions in 76 while progression of lesions was demonstrated in 
28 patients. There were 5 instances in which roentgen examination indicated 
a decrease in the size of the affected area. Results of sternal marrow puncture 
were essentially the same as those noted by Snapper. Basophilic inclusion 
bodies following treatment were observed but there was no evidence that the 
number of myeloma cells decreased. Prolongation of life cannot be determined 
from the data presented. The chief reactions encountered among 209 patients 
treated with stilbamidine di-isethionate administered either intravenously or' 
intramuscularly are tabulated in this report. Reactions of such severity as to 
contraindicate further treatment with stilbamidine ■were encountered on only 
three occasions. 


- 10. Antibacterial Activity 

Following Fuller’s (67) demonstration of the bacteriostatic and antibacterial 
properties of propamidine against the Gram-positive cocci, an extensive clinical 
trial in the treatment of war wounds was made in Britain during 1942-43. 
Thrower and Valentine (175) first reported that treatment of purulent open war 
wounds with propamidine compared favorably with sulfathiazole when Staphy- 
lococcia aureus and Streptococcus hemolyticus were the causative organisms. 
Moreover, propamidine was not inhibited by the purulent exudate. A one-tenth 
per cent solution of propamidine did not inhibit phagocytosis, which, however, 
was slightly reduced by 0.2% solutions and completely inhibited by 0.4%. In 
vitro this inhibition was reversible by washing leucocytes even after three hours 
incubation ■with the drug. No hemolysis of red blood cells occurred at these 
higher concentrations. 

A series of 50 patients were satisfactorily treated prior to plastic surgery with 
the sole application of a water soluble methyl cellulose gel containing 0.1% 
propamidine applied over a ten day period to infected war wounds (175). Al- 
though these results were deemed favorable, Elson (61) has pointed out that the 
relative acidity of the cellulose gel is far from the optimum pH at which the 
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diamidines exert their maximum antibacterial action. Nevertheless, sterile 
wounds were produced in almost all cases, except in infections with Ps. aeruginosa 
or with B. prolcus. In a few cases in which higher concentrations or prolonged 
applications were necessary, there was a tendency towards irritation and some 
necrosis at the edges of granulation tissue. Excellent healing occurred in these 
cases after withdrawal of the drug. Similar observations were extended by 
Mclndoe and Tilley (132) who noted rapid improvement within forty-eight hours 
in Streptococcus infections and somewhat slower action against Staphylococcus 
infections. Propamidine in a Mumford Base (lanette wax and paraffin or white 
oil) was especially suitable for application to infected wounds prior to plastic 
surgery. Butler (33) confirmed these observations and successfully treated sev- 
eral cases of Staphylococcal arthritis by injection of a 1.0% propamidine-saline 
solution into the infected joint space. Gairdner (82) treated an infant with 
staphylococcal pyopneumothorax with local irrigations of propamidine together 
with parenteral sulfapyridine. That this method of treatment is not without 
danger is shown by an experimental study by Frankel, Lee and Houlihan (66) on 
purulent staphylococcal arthritis in rabbits. Comparable series of rabbits were 
treated by local intracapsular injections noth penicillin and with propamidine. 
Both agents produced sterile joints, but propamidine permitted less destruction 
and exudation into the joints. However, all propamidine treated animals died 
in from three to six days after cessation of treatment presumably as a result of 
systemic absorption of toxic amounts of the drug. The latter was administered 
in doses of 0.75 cc. of a 1.0% solution for five successive days. 

In experimental Clostridial infections of mice, McIntosh and Selbie (133) noted 
that propamidine compared favorably with the sulfonamide drugs and in some 
instances was as effective as penicillin. In the treatment of several dozen se- 
verely burned air-raid casualties, Morley and Bentley (136) have agreed that 
propamidine gel or propamidine in a Mumford base afforded excellent polyvalent 
bactericidal properties against the usual Gram-negative organisms. Kapid 
separation of slough occurred together with no impairment of epithelization. 
Kohn, Hall and Cross (116) stated that Thiersch and pedicel grafting was possible 
“much earlier than with any other methods used before.” However, according 
to Clark (43), propamidine yielded only 62% sterile bum wounds compared to 
76% for penicillin. An experimental study of toxic effects in animals treated for 
bums supports the clinical impression of the comparative innocuousness of topical 
application of propamidine. In various animals, Allen, Burgess and Cameron 
(11) could not find any significant signs of absorption from large burned areas 
(one-eighth total body surface) or from normal skin. In a small series of tropical 
ulcers treated in the Solomon Islands, Forrest (64) reported complete healing 
with propamidine. In several patients external otitis responded to 0.1 % pro- 
pamidine in Mumford Base. According to Hobson and Scott (147) experimental 
streptococcal infection of the rabbit cornea has been easily controlled with 
propamidine. Some irritation of the cornea was noted after prolonged applica- 
tion of concentrations of 0.6% propamidine. In another instance, Valentine and 
Edwards (180) reported that a 0.15% propamidine diisethionate solution was 
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effective in curing a human epidemic of angular conjunctivitis, after conventional 
agents had failed. Lastly, Cawston (39), a physician himself, after self treat- 
ment, suggests the use of insufflated propamidine powder into infected sinus 
cavities. From this evidence it may be assumed that propamidine, and possibly 
the other diamidines, are surface antiseptics whose principle limitation is a ten- 
dency towards irritation of normal tissues after prolonged application. No pub- 
lished data have appeared with respect to the efficacy of the diamidines in sys- 
temic bacterial infections. Because of their known toxicity the diamidines 
should be reserved at present for experimental chemotherapy of infections resist- 
ant to the conventional antibiotics and other agents. Until further clinical 
studies have been performed upon surface absorption, tolerance and excretion in 
man, the exact clinical indications for the use of the diamidines will remain unre- 
solved, chiefly because of the subordinate clinical interest in synthetic antiseptics 
since the advent of the antibiotics, penicillin, streptomycin, gramicidin and poly- 
myxin. 

11. Fungistatic Properties 

The general anti-microbial spectrum of propamidine has been studied in vitro 
not only against bacteria, but also against a large number of pathogenic fungi. 
By means of the agar streak plate technique, in which a solidified yeast extract 
agar containing varying amounts of the drug was inoculated with suspensions of 
fungi, Elson (61) observed that certain pathogenic fungi were inhibitied by low 
concentrations' of the drug. A two to four fold increase in activity was noted in 
media at pH 6.8 compared with media at pH of 5.0. In general most of the 
pathogenic fungi were inhibited by concentrations of 1 to 5 mg/20 cc. of propami- 
dine in agar. However, Achorion schoenleinii, B. dermatidis, Sporotrichum 
schenckii, and T. sulfureum were inhibited by concentrations as low as 0.018 mg/ 
20 cc. agar. This compares favorably with the bacteriostatic activity of pro- 
pamidine on Staphylococci and Streptococci. Stilbamidine when tested in vitro 
against Histoplasma capsulatum was effective in a concentration of 10 mg. per 
100 milliliters of medium. Neoarsphenamine did not show comparable inhibi- 
tion until 10 times this concentration was attained, while penicillin, strep- 
tomycin, neostam (stibamine glucoside) had no effect (155). 

The incorporation of soya lecithin, a phosphilipid, into the medium inhibited 
the fungistatic activity of propamidine (60, 61). This was also noted in studies 
on the bacteriostatic properties of this diamidine. The high concentration of 
lecithin necessary to inhibit the relatively small amount of propamidine would 
suggest some impurity such as lipositol in the lecithin fraction as the active in- 
hibitory agent (146). 

No clinical trials of diamidines in the treatment of systemic or cutaneous fun- 
gus disease has been reported. Experimental therapy of the latter would seem 
warranted. 

12. Spirochaetal Disease 

Lourie and Yorke (127) noted no therapeutic action whatsoever in mice in- 
fected with Spirochaeta recurreniis, and Spirillum minus. This was supported 
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by Lourie’s report (124) that in human cases of yaws treated in Sierra Leone, stil- 
bamidine was ineffectual. 

IS. Virus and Rickettsial Disease 

No study of experimental diamidine therapy of virus or rickettsial disease has 
appeared in the literature. 

1/f. Clinical Toxicity 

Several thousand patients, including many poor-risk, chronically ill Asiatic 
and African natives, have already been treated with one or more of the diami- 
dines. No instance of a fatality has been attributed to properly prepared solu- 
tions of these drugs. In the early stages of World War II, however, Kirk (111) 
and Bowcsman (29) reported more than a dozen cases of fatal delayed poisoning 
occurring 1-3 months after treatment with stilbamidine (3-5 gms.). In five of 
ten cases studied by Bowcsman (29), and in several patients studied by Kirk 
(111), autopsy examination of the liver revealed central necrosis, fatty degenera- 
tion, cellular pyknosis, as well as other degenerative cellular changes. No evi- 
dence of massive hepatic necrosis of the acute yellow atrophy type was noted. 
Renal damage, as evident by moderate to severe degenerative changes in the 
tubules, was present in all these patients, whose death was attributed to com- 
bined hepatic and renal injury. Tho solutions of stilbamidine used in these cases 
was manufactured in England and shipped by air to Africa. Kirk (111) and 
others (16, 70, 79, 100) have shown that such solutions may contain toxic deterio- 
ration products produced by ultraviolet light. Since this accident, stilbamidine 
lias been supplied as a powder in which no such deterioration has been observed 
to occur months or years after storage in the dark. Freshly prepared solutions 
of stilbamidine have given no ovidence of clinical hepatic or renal injury. How- 
ever, both immediate and late toxic reactions of a less serious nature have been 
observed to follow the administration of the diamidines. These have been suffi- 
ciently troublesome to influence the choice of drug in the treatment of Kala-azar 
and Trypanosomiasis (177, 194). 

a. Immediate Reactions. During or immediately following the intravenous in- 
jection of stilbamidine, pentamidine, or propamidine solutions, many or all of the 
following symptoms and reactions have been elicited or observed (in approximate 
order of decreasing incidence): Fall in blood pressure, rapid thin pulse, facial 
flush, dizziness, salivation, sweating, headache, nausea, vomiting, dyspnea, formi- 
cation, syncope, lethargy, fecal and urinary incontinence, epileptiform twitchings 
(pentamidine), and edema of the eyelids and face (1, 123, 140, 141, 160). Kirk 
(111) reported fewer immediate reactions after pentamidine than after stilbami- 
dine but others did not confirm this observation (123). These reactions were 
usually transitory and disappeared in from 10-30 minutes. They were uninflu- 
enced by atropine (141), adrenalin (141, 167) or bonadryl (167). They were 
much less severe but not completely eliminated by recourse to intramuscular 
injection. Lourie (123) noted that severe immediate reactions may be partially 
eliminated by giving the injections slowly. By means of a slow intravenous drip 
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completed in a 20 minute period, Haedicke and Greenspan gave doses of 150-300 
mg. (2.5 to 5 mg/kg.) of stilbamidine intravenously in 250 cc. volume daily for 
several weeks without any immediate reactions (104). With the single syringe 
technique, reactions occurred in about 70% of the patients (122). For clinic 
patients intramuscular injections would be more feasible and therefore pref- 
erable. 

In several patients with Kala-azar, a modified Herxheimer reaction (141) 
occurred after injections of the diamidines. Within six hours after the first in- 
jection a marked febrile response and general toxic state was observed in patients 
who were severely ill with other systemic diseases. No such reaction has been 
observed among multiple myeloma patients treated with stilbamidine (165). 

5. Late Reactions. The late chronic toxicity of the diamidines has been exclu- 
sively confined to a unique neuropathy which is so unlike any other drag-induced 
or naturally occurring syndrome, except possibly that following trichloroethy- 
lene or streptomycin, that Napier and Sen Gupta (139) suggested it be designated 
specifically as “diamidinostilbene neuropathy.” Two to five months after a 
course of stilbamidine, patients gradually observed the appearance of progressive 
sensory changes consisting of paraesthesia, anesthesia, hypalgesia, and numbness 
confined usually to the face area (44, 45, 139, 159). Examination invariably re- 
vealed the presence of a dissociated anesthesia in which there was decreased 
sensibility to light touch, but pain, temperature, and pressure sense were intact. 
The trigeminal distribution radiating from the tip of the nose in a centrifugal 
pattern was usually involved. On occasion the same findings have been reported 
to extend to the neck and waist. Some patients have shown slight loss of pain 
sensation. Often these symptoms slowly disappeared after a period of several 
months, but in others they seemed to persist indefinitely. In the largest series, 
Sen Gupta (159) reported 17 instances of neuropathy among 104 patients fol- 
lowed. It is likely that the actual incidence of neuropathy is higher when cases 
are followed carefully. Snapper (165) observed over 50% incidence of neuropa- 
thy whereas Collard and Hargreaves (45) reported almost 100% incidence of this 
complication among British servicemen. Among the latter a high proportion of 
cases showed neuropathy extending to the waist. 

The mechanism of stilbamidine neuropathy is totally obscure. Dosage, route 
of administration, speed of injection, or severity of immediate reactions do not 
appear to influence the occurrence of this complication (159). Sen Gupta (159) 
postulated that a lesion was produced in the principal sensory nucleus of the 
trigeminal nerve. In support of this contention are the findings of Oastler and 
Fidler (143) that dogs showed marked pathological changes in the meninges, 
cerebrum and brain stem which appeared to be secondary to vascular spasm or 
anoxia. No localization whatsoever was observed in the pons. Snapper has 
cautioned against the exposure of patients to excessive ultra-violet light on the 
premise that some stilbamidine remaining in the skin may be altered and the 
toxic products thus formed may initiate selective nerve injury. 

c. Local Reactions. Solutions of diamidines may produce severe local reactions 
at the site of injections. Thrombophlebitis (141) has been observed frequently 
after administration of concentrated solutions by vein. In very high doses in 



AROMATIC DIAMIDINES 


3G7 


rats and other animals (20 mg/kg.) (158), slough and necrosis has been observed, 
but in the therapeutic doses in man, intramuscular injections usually produce 
only slight local inflammation and pain at the local site (123, 141). Stilbamidine 
salts, especially the hydrochloride, are less soluble and more irritant locally than 
pentamidine. The latter is now given frequently by the intramuscular route 
in Kala-azar (100). 


V. SUMMARY AND CONCLUSION 

The various studies reviewed have indicated that stilbamidine, pentamidine 
and the other aromatic diamidines have been effective as therapeutic agents in 
animal and human infections with Leishmania and Trypanosomes. Toxicity 
has been troublesome but not of such severity as to preclude rather extensive 
human trials. Despite the variations observed when Trypanosomiasis and 
Leishmaniasis are treated in different geographic areas, the value of the iamidines 
for the control of these infections has been evident. There is little doubt that 
in the management of cases resistant to antimony therapy, the diamidines are a 
distinct aid. Although stilbamidine appears to be somewhat the more effective 
drug, its neurotoxic properties preclude widespread use in the treatment of the 
milder Leishmanial infections (Indian). Pentamidine is the drug of choice for 
the therapy of such infections. Stilbamidine appears to be as effective as the 
older pentavalent arscnicals when used in the early stage of “African” Trypano- 
somiasis. 

The general toxicity of the principle diamidines has not been fully determined. 
It appears that with the variable dosages employed thus far no serious visceral 
toxicity has been observed. Nevertheless, because of the liepatotoxic and 
nephrotoxic action of large doses in animals, caution is necessary in extending 
this form of therapy to patients suffering from renal or hepatic impairment. 
Stilbamidine alone has been associated with a late toxic neuropathy. 

The chemotherapeutic application of the diamidines may be quite widespread. 
In addition to the Trypanosome and Leishmanial infections which have been 
favorably influenced by these drugs, plasmodial and babesial infection in mam- 
mals have responded (129). The growth of many bacteria is inhibited and 
fragmentary evidence has been noted that the proliferation of neoplastic cells is 
impaired by the diamidines. Perhaps most intriguing for those interested in the 
“mechanism of action” has been the appearance of granules in the cytoplasm 
of myeloma cells following therapy with stilbamidine. These granules ap- 
parently contain ribosenucleic acid and stilbamidine. The importance of 
nucleic acid metabolism in neoplastic cells and the formation of these granules 
only in patients whose protein metabolism has undergone marked alteration 
have presented a problem worthy of further intensive investigation. Despite 
the significant morphological changes observed in the myeloma cells in the course 
of stilbamidine therapy, there is no indication that the course of the disease has 
been altered with this form of therapy. 

It is of interest to note, however, that the cytoplasmic granules have been 
observed to persist in the myeloma cells for periods up to six months after treat- ' 
ment with stilbamidine has been discontinued. Myeloma cells containing the 
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stilbamidine-ribosenucleic acid granules in their cytoplasm have thus probably 
not undergone division during this period. This observation suggests that the 
multiplication of these tumor cells has been arrested to some extent. 

The lack of an adequate method for the determination of pentamidine and the 
other non fluorescent diamidines has hampered investigations with these com- 
pounds. Stilbamidine has differed from the other diamidines because of its 
physico-chemical properties such as fluorescence, resonance, isomerism and 
adsorption. In addition it differs in its biologic activity noth respect to protein 
denaturation and formation of protein and nucleic acid complexes. 

Most of the discoveries in the chemotherapy' of disease have been achieved 
through empiric trial. However, the importance of understanding the “mecha- 
nism of action” of such compounds has been repeatedly stressed in the hope that 
udder and more successful application might be attained and newer agents 
developed (130). The many drugs which are known to be biologically active 
due to their non-selective toxic action on most living cells have usually been 
classified as protoplasmic poisons rather than chemotherapeutic agents. The 
selective activity required for the latter has implied a differential effect more 
favorable to the host. The latter has been achieved noth many substances, 
because of inactivation of specific enzyme functions, formation of unionized 
complexes with specific substituents of the invading parasite, or utilization or 
combination with necessary substrates required for proliferation, maintenance, 
etc. (5G). It is evident that the chemical composition, metabolic activity, 
nutritional requirements and physico-chemical tolerances of both host and 
parasite will determine the efficiency and usefulness of a therapeutic agent. 
When the foreign cell is derived from the host cells, as in a neoplasm, these 
differential features may be very small indeed. It is clearly recognized that the 
host-drag relationship is as important as the host-parasite or parasite-drag 
relationships. 

The diamidines have been shown to inhibit the growth of bacteria, protozoa, 
fungi and neoplastic cells. In many instances this inhibition has been followed 
by some irreversible alterations associated with death. These effects have been 
achieved at concentrations of the drugs at times far below those found toxic to 
experimental animals or man. Stilbamidine, together with the other diamidines, 
phenamidine, propamidine, and pentamidine, possesses non-selective toxic prop- 
erties similar to many cationic detergents. However, the property of dis- 
placing basic proteins from combination with nucleic acids and the denaturation 
of proteins and possibly nucleic acid polymers places stilbamidine in a position 
of some importance in the search for new chemotherapeutic agents. Further 
investigation of compounds of similar structure and properties may reveal a new 
type of therapeutic agent effective against viral infections and neoplastic growth 
(58). 
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INTRODUCTION 


This study presents clinical observations made over a period of almost three 
years on a large number of cases of tropical sprue occurring among Italian 
prisoners of war in a concentration camp in India. It is regretted that in- 
adequate laboratory facilities and war time restrictions limited the investiga- 
tion. Because of the unusual opportunity to follow the disease among a large 
number of individuals living under similar conditions of climate, housing and 
diet, interesting observations were obtained on the incidence, pathogenesis and 
clinical picture of the syndrome. However, they do not represent on isolated 
study. Several reports have appeared recently on sprue-like conditions occurring 
among British and Indian troops in the Indian war theatre. These syndromes, 
described under several names by the different authors, i.e., tropical sprue, hill 
diarrhea, nutritional diarrhea, present a rather uniform clinical picture with 
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minor variations which, are probably due to the differences in. the race of the 
patients studied by the individual observers and to the area from which the con- 
dition was reported. Their characteristics also appear similar to those described 
in this study. Hence, an attempt will be made to correlate our findings with 
those previously reported and to show how these variations may modify existing 
ideas regarding the clinical picture, diagnosis and pathogenesis of sprue. 

GENERAL OBSERVATIONS 

Between March and June 1942, 12,500 Italian prisoners of war were transferred 
from various stations in India to a camp in Yol-Kangra Valley, where they 
remained until the beginning of 1946. The observations reported in this study 
were terminated in April 1945 because of the repatriation of a great part of the 
medical personnel and patients. 

The camp was situated at an altitude of approximately 4,000 feet, in the 
foot hills of the Himalaya mountains. The humidity was high, expecially 
during the rainy season (Table 1). The winter season, from December to 
February, was usually cold and rainy, followed by a period of two months of dry 
sunny weather with cool northwest winds. May and June were hot and dry. 
From the end of June until the end of September the valley had a long severe 
rainy season which was followed in October and November by cool sunny days. 

The prisoners of the camp lived in wooden barracks provided with adequate 
ventilation. Water was obtained from surface springs and collected in large 
cement tanks through a pipe line five miles long. It was filtered and chlorinated 
before it was distributed to the camp. The bacteriologic examination was 
satisfactory. It was classified chemically as an oligomineral water of superficial 
spring source not containing mica or silicon in excess. The food issued to the 
prisoners will be considered later in the discussion of the clinical data. 

Morbidity data were collected during the entire period of observation. It 
had been planned to integrate them with those obtained from a systematic survey 
of the morbidity among the civilian population of the valley, but this was pre- 
vented by several circumstances. However, considerable information was 
found to be available in the work of Megaw and Gupta (75) who had carried 
out a complete study of the epidemiology and morbidity of the area in 1927. 
They reported a high incidence of tick typhus, “hill diarrhea” (which is similar 
to the syndrome reported in this paper), benign tertian malaria, bacillary 
dysentery and goitre of the parenchymatous non-functioning type. Their 
findings were somewhat different from those of the survey we carried out among 
British and Indian troops and Italian prisoners of war stationed in the area, 
as would have been expected because of the differences of race, diet, habits, 
etc. During the three years of our observation only 9 cases of tick typhus 
(5 Indian, 3 British and 1 Italian) were diagnosed. After one year of residence 
in the area a large number of Italian prisoners developed goitre of the parenchy- 
matous non-functioning type and the number of such cases increased progres- 
sively even after salt fortified with iodine was obtained for kitchen use. The 
possible relationship of this condition to sprue will be discussed later. 

Morbidity data of the Italian prisoners of war are given in Table 2. Bacillary 
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dysentery and benign tertian malaria as well as renal calculosis and acute ap- 
pendicitis, whose high incidence remains unexplained, were among the most 
common causes of hospital admission. No data are given for British and Indian 
troops as their units in the area were changed too often to permit collection of 
significant information. 

The nutritional status of the prisoners stationed in Yol was carefully followed 
especially after the report of the increasing number of cases of sprue. Repeated 
surveys were carried out every six months. The chief complaint among the 
prisoners was that of a slight but continuous loss of weight probably caused by 
dietary inadequacy although no signs of starvation or of specific deficiencies 
were observed in any patient free from sprue. Hematologic data from 100 
individuals selected at random and in good health revealed a mild normoeytic 
anemia (average figures: red blood count 4,310,000; Hb gm. 13.38%; volume 
of packed red cells 41.4%; color index 0.89). 

, CLINICAL FEATURES 

1. Epidemiologic Data. The first cases of tropical sprue were diagnosed in 
September 1942, shortly after the end of the rainy season. From then until 
the end of April 1945, a total of 1069 cases of various clinical types and severity 
were encountered. Of these, 268, the most seriously ill, were admitted to the 
hospital while 810 were treated without leaving camp since adequate medical 
facilities were available there. The length of time that the prisoners were 
resident in the area bore a direct relationship to the number of new cases for a 
progressive increase was noted through the second and third year. On the 
other hand, the incidence of the disease during each year was clearly related to 
the atmospheric conditions for most of the cases occurred during or immediately 
after the rainy season, as shown in Table 3 and Figure 1. The incidence accord- 
ing to age group is shown in Table 4. The group from 25 to 35 years of age 
showed a relatively greater number of new cases and relapses. Although the 
greatest number ef cases occurred in young prisoners, the more serious ones were 
found in the oldest age group in which 80% of the patients who died from the 
disease were between 50 and 55 years of age. 

One or more relapses, usually during or immediately following the rainy 
season, were observed in 134 cases (12%). Death occurred in only 5 cases and 
in each it was attributable to aplastic anemia. This figure agrees with that 
given by other authors for groups of cases observed during a comparable period 
of time. Manson-Bahr and Willoughby (72) in a series of 200 patients found a 
mortality of 1.5%; Keele and Bound (55) in a series of 600 cases found 0.4%; 
Leishman (63) found about 1% mortality in an unspecified number of cases. 

2. History and Symptoms. The past history of the patients was not con- 
tributory. 3% of them gave a previous history of malaria; 6% had suffered 
from acute bacillary dysentery during the year immediately proceeding the 
onset of sprue, 0.7% had chronic amebic dysentery, and 4% gave a history of 
syphilis (two individuals had a positive W assermann test while showing active 
symptoms of sprue); and only one patient gave a history of peptic ulcer, although 
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the incidence of this disease among tlie prisoners in Yol was 4% over a period 
of threo years. It was concluded therefore, that no condition appeared to have a 
direct bearing on the onset of sprue in these patients, although it was the general 
impression that any previous illness favored the development of the disease. 

The patients’ recent history was rather uniform. They usually reported to 
the hospital complaining of a severe, uncontrollable diarrhea, accompanied by 
distressing meteorism and often by a feeling of abdominal distension becoming 
especially unpleasant during the night. Other symptoms were sudden and 



Fio. 1. Incidence or New Cases of Sprue ter Month Duiuno the Period 
1942-1045 in 'Relation* to Precipitation 

The figures are the average for the three year period 

severe asthenia, extreme irritability and nervousness, and tenesmus. If proper 
treatment was not instituted there appeared dysphagia, paresthesias, muscular 
cramps and vertigo, A few patients, who sought medical advice only after 
severe macrocytic anemia had set in, were bedridden. Many patients ex- 
perienced difficulty in feeding themselves because of ths dysphagia while others 
purposely avoided food to escape the extremely distressing meteorism following 
meals. 

The classification of sprue into stages or clinical types is difficult because 
the symptomatology of the disease is inconstant owing to the varying frequency 
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and severity of the deficiency symptoms and to their different times .of appearance 
during the disease. However, for purposes of description and on the assumption, 
which will be substantiated in the course of the paper, that onset and progression 
of sprue are related closely to the extension and severity of the intestinal mal- 
absorption, the course of the syndrome has been divided into three stages. The 
first stage is characterized by fatty diarrhea and other early signs of intestinal 
malabsorption (nausea, anorexia, asthenia, etc.); the second stage is a multiple 
deficiency picture complicating the original symptomatology; the third stage is 
characterized by a complex deficiency syndrome dominated by a hyperchromic 
macrocytic anemia and presents all the symptoms which are usually considered 
typical of the full blown picture of tropical sprue. The proposed classification 
of the syndrome into stages and the incidence of the various symptoms in each 
stage are presented in Table 5. 

First Stage. Diarrhea was the initial symptom complained of by all patients 
who reported for treatment. The nature of the diarrhea was obtained mainly 
from the patient’s description as very few of them sought medical advice early 
in the course of the disease. The diarrhea was of sudden onset in 73%, it was 
uncontrollable (“explosive”) and from 5 to 15 stools were passed daily from the 
onset of the disease. In the remaining cases the diarrhea was less severe with 
few movements in the early morning but as the disease progressed the diarrhea 
suddenly became more severe. The characteristics of the feces were not con- 
stant: in 46% of the cases they appeared semisolid (average weight being 100 
to 200 gm per movement), frothy, pale and containing undigested food and 
their passage was usually accompanied by distressing tenesmus. In 17% the 
feces were pale and watery with a large amount of undigested food. In the 
remaining 21% the feces were of a mixed character. In each patient the feces 
were offensive and gave an acid reaction. In only 15% did the feces conform 
to the classical description given for spine (pale, fatty, bulky and frothy). 

The rhythm of the diarrhea during the day was not uniform. The movements 
occurred in the early hours of the evening in 9%, in the early morning hours 
in 49%, during the afternoon hours in 12% and shortly after meals in 29% of 
the cases. The onset of diarrhea in each patient was accompanied by extreme 
asthenia which was out of proportion to the number of movements or to the 
severity of the diarrhea. Indigestion was also present and all patients com- 
plained of Tneteorism which was especially distressing at night. It was improved 
temporarily by the passage of flatus or feces. Anorexia , nausea (6%) and 
vomiting (0.4%) were rather uncommon. The loss of weight was rapid and 
severe (14 to 20 pounds in a period of 2 to 3 weeks). A mild continuous fever 
of a few days duration at the onset of the disease was recorded in 12% of the cases. 
The early occurrence of this symptom was surprising as it has been described 
rarely (36). It is usually present during the terminal stages of the disease (3), 
in late cases with an unfavorable prognosis (16), or during relapses (118). It 
is interesting to note that the course of the disease was particularly severe in a 
large number of the patients (78%) who presented fever as an initial symptom 
and that five of them developed aplastic anemia. Few laboratory data were 
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collected since there was only a limited number of patients in the initial stage of 
the disease at the time that they reported to the hospital or to their camp doctor. 
Blood counts revealed a mild hypochromic normoeytic anemia and intestinal 
malabsorption appeared well established already because the oral glucose 
toleranco test (patients No. 502, 027, 072, Table 7) showed the typical flat curve 
and because the chemical analysis of fecal fat gave results identical to those 
obtained in the later stages of the disease (patients No. 027 and 972, Table 10). 
An average period of 2 to 3 weeks elapsed between the onset of the diarrhea 


TABLE 3 


Number of new cases of sprue per month occurring among Italian prisoners of war in Kangra 
Valley during the period March 1945- April 1945 
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TAB LB 4 

Occurrence of fresh and relapsing cases of sprue per age group 


(Percentage of all prisoners present in tlie camp per single age group is included) 
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and associated symptoms and the time of appearance of the first signs of de- 
ficiency. In our patients the onset of the deficiency symptoms did not precede 
the onset of diarrhea. 

Second Stage. Deficiency Symptoms. The majority of the patients were 
observed during this pciiod, in which various deficiency symptoms due to a 
defect of intestinal absorption of nutrients and vitamins complicated the initial 
picture. Deficiency signs were first noticed from 15 to 20 days after the onset 
of diarrhea. Meanwhile, during this period of time, certain initial symptoms of 
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the syndrome underwent modification such as a diminution in the number of 
stools with the feces appearing more solid- When present, the fever, nausea 
and vomiting subsided. On the other hand, deterioration in the general condi- 
tion of the patients continued as most of them lost between 30 and 45 pounds in 
2 or 3 weeks and continued to suffer from severe asthenia. In this stage of the 
disease the patients usually complained of a severe burning pain in the mouth 
and retrosternal area during attempted feeding. There were paresthesias 
especially in the lower limbs in 17% of the cases and 27% experienced muscular 
cramps which were usually infrequent and mild but occasionally so severe as to 
interfere with rest and sleep. 

The objective findings were typical. Glossitis was present in 90%. At first 
the edges and tip of the upper surface of the tongue appeared reddened. A few 
days later the areas appeared de-epithelized, reddened and covered in spots by 
small aphtae. In several cases the same lesions involved other parts of the 
oral cavity such as the lower surface of the tongue (13%), the soft palate and 
uvula (4%) and the buccal mucosa (7%). In a few patients other mucosae also 
presented dystrophic lesions: angular stomatitis, with or without cheilosis, was 
recorded in 27, while proctoscopic examination of the patients complaining of 
severe tenesmus (29%) revealed a reddened and congested rectal mucosa. Other 
deficiency symptoms usually appeared slightly later in the couse of the disease. 
Several patients presented exfoliative dermatitis limited to the scrotum (25%) 
or to the thighs, abdomen, buttocks and dorsal surface of the hands (9%). 
These lesions usually consisted of small, irregular, shiny plaques which tended to 
desquamate and were accompanied by moderate hyperkeratosis follicularis. 
Muddy brownish spots of cutaneous hyperpigmentations were present on the 
face, hands, feet (dorsal surface), abdomen and buttocks in 33%. No spots of 
hyperpigmentation were found on examination of the mucosae. In 21% the 
distal inch of the hair changed into a lighter color (brownish in dark-haired in- 
dividuals) and in most cases the body hair was likewise involved. 

The abdomen appeared distended due to meteorism. Hypotension was a 
constant finding. In 92% the average systolic blood pressure was 108 mm. Hg., 
the diastolic 64 mm. Moderate hypochromic normocytic anemia was usually 
observed in this stage of the disease, which gradually changed to a hyperchromic 
type in those cases who did not respond to treatment. Microscopic examination 
of the feces of these patients were carried out routinely and no significant findings 
were noted with the exception of the presence of cysts of Entamoeba hystolytica 
in 0.7% of the cases (many of the patients had lived for some time in East Africa 
and in the plains of India). A scanty exudate was noted in a few cases and 
Bacillus paradysentericus Flexneri was cultured. 

Few biochemical findings confirmed the defect of intestinal absorption already 
found in the first stage of the disease. The oral glucose tolerance test gave a 
typical flat curve in five patients (Nos. 12, 19, 182, 331, 903, Table 8). Studies 
of fat absorption and distribution of fecal fat (Nos. 19, 182, 331, 903,. 1012, 
Table 10) gave similar results to those in the more advanced stages of the disease. 

Third .Stage. Hyperchromic Macrocytic Anemia. Hyperchromic macrocytic 
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anemia developed 4 to 5 weeks after the onset of diarrhea, which completed the 
typical full blown picture of tropical spruo in 163 patients (14%). Patients 
who reached this stage of the disease were among those who did not request 
medical care sooner or who did not respond to treatment. This figure gives a 
lower incidence of kyperchromic macrocytic anemia than that reported by earlier 
observers. Mnnson-Bahr and Willoughby (72) reported macrocytic anemia in 
50% of their 200 cases, Charmichael-Low (17) in practically all of his 150 and 
Castle et al. (19) in 90% of their 92 selected cases. Other authors working in 
India at the time of our observations (21, 12, 55, 118, 33) also reported a higher 
incidence than we observed. This lack of agreement in the percentage of cases 

TABLE 5 


Classification and incidence of symptoms of the syndrome, divided by stages 



FEX CENT 

ft) Initial stage 


Diarrhea 

100 

Dyspepsia 

100 

Nausea 

5.8 

Vomiting 
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Fever 
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b) Stage of secondary nutritional deficiencies 
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Diarrhea 

100 

Glossitis 

90.4 

Angular stomatitis 

27.22 

Catarrhal proctitis 

29.47 

Exfoliative dermatitis 

33.67 
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32.70 

Paresthesias 

17.40 

Muscular cramps . 

27.20 

Hypotension . 

92.40 

c) Stage of fully developed picture of tropical sprue (in addition 


to diarrhea and deficiency symptoms) 


Anemia (hyperchromic macrocytic) 

14.4 

Edema 

10.2 


showing hyperchromic macrocytic anemia may be explained by the difference of 
the severity of the disease at the time of observation. The onset of hyper- 
chromic anemia altered the type and severity of the pre-existing symptoms. 
The number of stools was reduced to 4 or 5 a day and were early in the morning; 
meanwhile the feces gradually developed the typical characteristics that are 
described for sprue. Glossitis, stomatitis, proctitis, etc. of the second stage 
persisted with some diminution of dysphagia and tenesmus. 

The patient in this stage presented a typical appearance. Asthenia, meteor- 
ism, vague but persistent abdominal pains usually made confinement to bed 
obligatory. In many cases the spotted hyperpigmentations offered a striking 
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contrast to the pallor of the skin, which was rough and dry. The musculature 
was hypotrophic and the subcutaneous fat almost non-existent. Most of the 
cases also presented edema of the face and extremities. The abdomen appeared 
distended and vermicular movements of the intestinal loops could be observed 
through the thin abdominal wall. No heart enlargement was found at physical 
and fluoroscopic examination even in cases with extreme anemia although a 
functional apical systolic murmur and hypotension were usually present. The 
liver size was within normal limits but the spleen was moderately enlarged in 24 
individuals, 15 of whom had had repeated attacks of malaria. A few patients 
showed exaggerated tendon reflexes but as a rule the neurological examination 
was negative. Irritability, restlessness, inability to concentrate and loss of 
memory were frequent complaints. Hemorrhagic manifestations were present 
only in a single fatal case. In this patient cutaneous purpura and retinal 
hemorrhages were observed during the terminal stage of evolution to aplastic 
anemia (erythrocytes: 750,000, platelets: 22,700, tourniquet test strongly posi- 
tive). Post-mortem examination revealed diffuse punctate hemorrhages, 
•especially of the gastric and intestinal mucosa and thrombosis of the central 
retinal vein in the right eye. In 45 other patients in this stage of the disease the 
clotting and bleeding times, tests for capillary fragility and the prothrombin time 
were found normal. 

Studies of the hematological picture were performed in all the 153 cases which 
demonstrated the hyperchromic macrocytic type of the anemia. The average 
hemoglobin (Hb) value, determined by Sahli’s method (100% of the scale is 
equal to 17.3 gm. Hb per 100 ml. of blood) was 11.16 gm. The range of the 
hemoglobin values was 9.51 to 12.11 gm; the number of erythrocytes averaged 
2,870,000 per mm 3 with individual values from 1,700,000 to 3,600,000; the 
average color index was 1.13 with a range of 1.06 to 0.82; the average volume of 
packed red cells (Wintrobe) was 35.4%. Other data for the determination of the 
type of the anemia were calculated from the preceding figures and have been 
tabulated below. The values shown in brackets were calculated from the results 
obtained in 100 normal individuals. 


Mean corpuscular Hb, yy 33.8 (20.04) 

Mean corpuscular volume, 123.34 (94.06) 

Volume Index (84) 1-47 (1.02) 

Mean corpuscular Hb concentration, % 31.5 (37.90) 

Saturation index 0-92 (1-15) 


Microscopic examination of the peripheral blood showed anisocytosis, poikilocy- 
tosis and polychromatophilia while in a few severe cases erythroblasts and 
normoblasts were observed also. The number of reticulocytes averaged 1.8% 
before treatment was started. Interesting changes were likewise noted in the 
leucocytes. In 32% of the cases the white cell count was slightly higher (average 
8,600) than the figure for normal subjects (average of 8,000 in 100 normal in- 
dividuals) while the remaining 68% of the cases showed a moderate leucopenia 
(average 5,650). The differential count was normal in the majority of the cases; 
there was, however, a moderate lymphocytosis in 24% of the subjects while 12% 
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presented cosinophilia. The platelet count was normal (average number 
272,000). Sternal bone marrow biopsies wore performed in 25 cases. The 
smears were stained with May Grumwald-Gicmsa’s and 500 cells were counted 
in each case. The results are reported in Table 0. With the exception of 
cases No. 07, 937 and 987 all showed the typical erythroblastic arrest indis- 
tinguishable from that found in pernicious anemia. It will be noted that biopsies 

TABLE G 


Sternal bone marrow in 25 untreated eases of tropical sprue ( count on 500 cells ) 
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1.0 

0.4 

1.0 
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0.0 


792 

18.0 

10.0 
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32.8 
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0.0 

1.2 
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8.G 
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58.8 
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0.6 

0.4 

0.2 
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3.2 

0.8 

0.2 

0.4 

899 

3.0 
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4.0 
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0.2 

0.4 
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0.2 

0.2 
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9.4 


38. C 

7.2 

0.4 
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0.0 
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11.6 
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7.G 

0.8 

0.G 

0.8 
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8.0 
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54.4 

5.0 

1.0 

0.4 

0.4 

Average... 

13.G0 

12.45 

9.75 

9.59 

41.06 

8.11 

1.14 

0.39 

0.91 


Me., Mcgaloblasts; E. Er., Early erythroblastB; L. Er., Late crythroblnsts; Norm.. 
Normoblasts; Gran. S., Granulocytic series; Lymp. S., Lymphocytic scries; Plas., Plasma 
cells; MegaK., Megaknriocytcs; Non C. C., Non classifiable cells. 


of the sternal marrow performed in three of these patients when in the second 
stage of the disease had shown only a moderate hyperplasia of the normoblastic 
type. These results closely agree with those reported by other authors (57, 90, 
111). Tests for red blood cell fragility were discontinued after obtaining normal 
values in 30 cases. The Takata-Ara test was done in 98 cases with negative 
results in 91. A positive reaction was obtained in the serum of one patient with 
a severe anemia who did not respond to treatment and later developed aplastic 
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Saturation index 


Microscopic examination of the peripherf 
tosis and polychromatophilia while in 
normoblasts were observed also. The 
before treatment was started. Interr 
leucocytes. In 32% of the cases the 1 
8,600) than the figure for normal s’ 
dividuals) while the remaining 687 
(average 5,650). The differential 
there was, however, a moderate b 
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TABLE 7 — Concluded 


CASE NQ. 

cAtcniv 

PHOSPHORUS 

GLUCOSE 

CHOLES- 

TEROL 

SCOUfE.V- 

TATION RATE 

JJO.V- 

PSOTEIN 

NITROOEN 

BILIRUBIN 


mi, per JC0 
ml . 

img.ptr 100 
ml. 

tni.ptr 300 
ml. 

m. ftr 100 

ml. 

mm.ptr hr. 

mg. per 100 
ml. 

*»*. % Per 

100 ml. 

(113 

' 


98.4 


8.2 

37.2 

0.47 

037 

8.0 

3.9 

03.7 

134.7 

5.2 

28. 5 

0.38 

942 





3.2 

27.8 


954 

9.2 

4.7 

89.3 


6.5 

24.9 

0.40 

057 



94.2 


7.0 

20.9 

0.43 

959 

8.8 

3.9 

08.3 

150.8 


25.5 


9G4 





10.2 

41.5 


975 


4.0 

97.0 

151.4 

4.0 

20.8 


978 

8.4 

4.0 

90.0 

128.6 

7.4 

23.2 

0.27 

9S1 



07.6 


5.8 

29.4 


987 

7.7 

5.1 

88.5 


10.0 

30.1 

0.36 

ion 



95.2 


12.8 

H ■ 

0.30 

1027 

7.G 

3.8 

94.0 

143.0 

7.S 


0.39 

1054 






41.2 


1002 


3.1 

93.2 

147.4 

9.0 


0.39 

Total average . . . 

8.30 

4.00 

02.72 

141.18 

7.87 

29.83 

0.39 


Scrum calcium level was determined with the method of Roe and Kahn (03) . Serum 
phosphorus with the method of Bell and Doisy as modified by Briggs (13). Fasting blood 
sugar level with the method of Hagedorn and Jensen (42). Serum cholesterol with the 
method of Bloor ct al. (11). Serum bilirubin with a modification of the method of Van den 
Bergh. Blood sedimentation rate of citrated blood was rend after one hour according to 
Westergren (121). 


anemia. In six patients a weak positive reaction was obtained; all these sub- 
jects presented a severe picture of macrocytic anemia and one had been suffering 
from a recent attack of malaria. 

Several chemical determinations of blood constituents were made in a limited 
number of cases. The results are summarised in Table 7. The serum calcium 
levels were always below normal, while the serum phosphorus values were 
within normal limits. Similar results were obtained in a few patients just enter- 
ing the second stage of the disease. These foldings agree with those reported by 
Fairley (36) who, in his series of 70 cases, found that hypocalcemia was constant 
and paralleled the degree of steatorrhea. These data suggest that an abnormally 
high fixation of the ingested calcium by fatty acids and not a specific defect of 
absorption is responsible for the hypocalcemia of sprue. The degree of hypo- 
calcemia was not related to muscular cramps. 

The non-protein nitrogen level was within normal limits in the majority of 
cases, its limited variations being more closely related to age or pathological 
conditions present than to sprue itself. Serum cholesterol and serum bilirubin 
values were normal. This observation may be contrasted with Snell’s finding 
(99) of a low cholesterol level proportional to the severity of the disease in 12 
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cases of non-tropical sprue but agrees with the observations of Suarez et al. 
(Ill) in a series of 16 cases of tropical sprue. 

Fasting blood sugar levels were consistently lower than normal, in agreement 
with those given by Fairley and Maekie (37) (average 84 mg. % in 17 cases). 
The high values given by Serra (97) (average 101 mg. % in 48 cases of tropical 

TABLE 8 

Blood sugar concentrations during the oral glucose tolerance tests in 24- cases of tropical sprue* 


Concentrations are expressed as mg. per 100 ml. 


CASE NO. 



mtE 



0 min. 

j 30 min. j 

60 min. j 

90 min. 

j 120 min. 


Patients in the first or second stage of the disease 


12 1 

94.3 j 


128.4 

108.3 


19 

101.4 


142.7 

117.2 

94.0 

182 1 

87.5 j 

Bp".'" 1, 

119.8 


88.2 

331 1 

92.7 


132.3 

103.6 

90.5 

502 

91.8 

112.2 

127.5 

99.2 

87.6 

627 1 

89.2 

111.7 

128.6 

102.9 

! 92.6 

903 1 

87.8 1 

110.2 

127.2 

97.7 

91.1 

972 

97.5 

124.9 

139.1 

| 115.8 

l 93.9 


Patients in the third stage of the disease 


49 

102.4 

121.3 

135.4 

116.9 


67 

85.2 

100.7 

112.9 


84.4 

76 

87.9 

94.5 

101.7 

91.0 

86.1 

152 

86.4 

104.2 

117.3 

96.2 

87.7 

189 

110.2 

117.0 

129.1 

112.7 

103.7 

196 

88.0 

106.1 

114.5 . 

99.4 

84.2 

352 

101.4 

121.9 

135.4 

115.3 

92.0 

524 

89.7 

114.8 

131.4 

107.5 

90. S 

618 

97.4 

112.7 

120.2 


89.0 

701 

94.5 

109.4 

11S.0 

106.0 

92.4 

727 

97.2 

106.5 

114.1 

101.7 

94.2 

792 

92.9 

113.6 

122.8 

107.2 

| 88.9 

899 

89.7 

101.2 

109.7 

98.9 


954 

89.3 

104.0 

115.2 

98.7 

87.3 

987 

88.5 

107.2 

122.2 

101.2 

85.1 

1062 

93.2 

108. S 

119.3 

104.8 

90.7 

Average 

92.75 

110.93 

123.56 

104.77 

90.20 


* The patients received 1 gm. of glucose per kg. weight at the beginning of the test. 


sprue) are difficult to explain when one considers the impairment of carbohydrate 
absorption usually present. In 7 cases in the first or second stage and m lb 
cases in the third stage of the disease the oral glucose tolerance curve gave a 
uniform response with a moderate and transitory hyperglycemia not followed 
by any hypoglycemic terminal reaction (Table 8). No curves with a normal but 
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delayed rise in blood glucose level, as described by Fairley (30) were observed. 
No intravenous glucose tolerance tests were done. The blood sedimentation 
rate was within normal limits, even in patients with pronounced anemia. Mod- 
erate urobilinuria was found in all 153 cases in the third stage and in 114 in the 
second stage of the disease. There were no other abnormal urinary findings. 

The results of gastric analysis in 97 eases using the Cade and Milhaud’s 
test meal (15) are shown in Table 9 and Figure 2. Samples of gastric juice were 
collected every 15 minutes for 2 hours. The free HC1 content was titrated with 



Fic. 2. Gastric Acidity in Normal Subjects and in Patients with Tropical Sprue 

Topfer’s reagent. Most of the cases showed moderate hypochlorhydria; six 
cases presented achlorhydria which responded to histamine. In one chronic 
case there was a true achlorhydria. Two patients showed hyperchlorhydria 
(one presented active symptoms of duodenal ulcer at the time of examination). 
No lactic acid was found in any specimen. Our findings are different from those 
presented by other investigators (55, 118, 33, 36) who found normal acidity 
curves. This divergence may possibly be explained by a difference in the 
severity of condition of the patients studied or type of test meal employed. For 
example, Castle et al. (19) found relative or absolute achlorhydria after oral 


l 
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alcohol stimulation in 38% of their 65 eases of severe type. No determinations 
of pepsin activity were done. 

(p Duodenal intubation was performed in 47 cases, 25 in the second and 22 in 
’ third stage of the disease and the various bile fractions were studied with 
; Meltzer-Lyon’s technique (76). No pathological changes were found in any 
instance. Microscopic examination of the sediment and cultures were negative. 
No studies of pancreatic digestion were carried out because laboratory facilities 
were inadequate. 

It had been planned originally to give particular attention to fat absorption 
and the distribution of fecal fat. However, in view of practical reasons, such 
studies had to be limited to twenty cases, 7 in the first or second and 13 in the 
third stage of the disease. The experimental conditions were carefully standard- 
ized. For four consecutive days all the patients were placed on Schmidt and 
Strasburger’s diet (95) which contains 80 gm of fat. The diet was prepared in 
the hospital kitchen and the fat content was calculated from the food tables 
of McCance and Widdowson (74). Some patients did not tolerate the high fat 
content of the diet very well but even so the diet was not altered to fit the in- 
dividual taste for it was feared that different amounts of fat would modify the 
results by varying the emptying time of the stomach. The stools were collected 
in the second, third and fourth days of experiment. 50 ml. of 5% formalin were 
added as a preservative to the pooled specimen from each patient. Each speci- 
men was then dried and weighed before determining the total fat, fatty acids and 
soap content by the method of Saxon, as modified by Holt et ah (50). From 
these results the ratio of split to unsplit fecal fat and the ratio of soaps to split 
fecal fat was calculated. 

The average daily weights of the stools of the patients were much higher 
than those of normal individuals. The fat content of the stools was also found 
to be increased, especially during the third stage of the disease, but the ratio 
of split to unsplit fat was not much higher than normal (3.87 as compared to 
the average normal value of 3.15 in the control cases). Despite the slight acid 
reaction of the feces which had the approximate pH of 6.7 when determined with 
indicator strips, it was found that most of the split fat fraction consisted of 
soaps. The ratio of soaps to split fat was 0.64 as compared with a normal ratio 
of 0.51. In conclusion, the results confirmed the typical steatorrhea with a 
high ratio of split to unsplit fecal fat usually described in tropical sprue. They 
also revealed that a large amount of split fat was present in the feces in the form 
of soaps. The standardization of our experimental conditions permitted a 
relatively accurate determination of the percentage of fats absorbed. This was 
calculated from the amount of fat ingested on the Schmidt and Strasburger’s 
diet and the amount of fat eliminated in the feces according to the formula: 

^ Dietary fat — Fecal fat v 1 nn 

Percentage of fat absorption ~ Dietary fat x iUU 

The average results are presented in Table 10. Under the experimental condi- 
tions normal subjects absorbed approximately 90% of the dietary fat while the 
patients with sprue absorbed only 66% of the ingested fat. 
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X-ray examination of the long bones in 12 cases revealed no pathological 
findings. 

3. Course of the Disease. The course of the disease was generally favorable 
when therapy was instituted early. Only 47 patients (5%) in the first and 
second stages of the disease failed to respond to treatment and these, together 
with the 100 cases who were diagnosed in the third stage of the disease, represent 
the 153 patients who developed the hyperchromic macrocytic anemia. 

During the three year period 112 patients suffered a relapse during or im- 
mediately nfter the rainy season; of these, 23 relapsed each year at the sametimfe. 
Frequency of relapse was in direct proportion to the severity of the disease; 
therefore the patients suffering from macrocytic anemia had a higher incidence of 
relapses (78% as compared to 22% of the total number of cases). The onset of 


TABLE 9 
Gastric acidity * 

Concentrations arc expressed as m.eq. 



| STACK Of DISEASE 

Second 

Third 

Chrome 

1 Relapse 

Number of cases examined 

32 

40 

9 

10 

True achlorhydria 

0 

0 

1 

0 

False achlorhydria** . 

0 

2 


1 

Hypochlorhydrm 

24 

39 


7 

Xormochlorhydria 

7 

4 


2 

Hyperchlorliydria 

j... 

1 

1 0 1 

0 


* Values from 45 to 87 millicquivalenta for total acidity and from 32 to 58 miHiequivalents 
for free HC1 were considered normal. They represent maximal and minimal values ob- 
tained in over 50 patients detained in the hospital in the same period of time and free from 
gastrointestinal symptoms. 

** The enses of false achlorhydria include those which did not respond to the test meal 
originally but did so subsequently under histamine stimulation. 

*** This patient was suffering from active duodenal ulcer at the time of examination. 

relapse reproduced the picture found in the first stage of the disease with severe 
fatty diarrhea, anorexia and pronounced asthenia. No other symptoms de- 
veloped, on account of the early treatment. 

The disease ran a chronic course in 4 patients; each was older than 45 years of 
age. These subjects had a full blown picture of sprue in a well advanced stage. 
They did not respond to large doses of liver extiact given parenterally or to 
blood transfusions. Their original clinical picture changed slowly. The number 
of daily stools was reduced but the daily weight of feces remained approximately 
the same; the stools gradually assumed the characteristics considered typical of 
tropical sprue. Anorexia, meteorism and asthenia persisted and in 2 cases be- 
came worse. The glossitis appeared modified after two or three months as the 
dorsal surface of the tongue appeared "geographic” with almost complete atrophy 
of the mucosa and hypertrophy of the underlying reticular tissue. Sigmoido- 
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soopic examination at the same time revealed greyish, diaphanous, atrophic 
mucosa scantily covered with mucus. Neither the blood picture nor the general 
condition of these patients responded to even the most extensive treatment. 
They have been observed since their repatriation to Italy and after two years 
they still presented active symptoms of the disease and required continuous 
treatment. 

Five eases developed aplastic anemia. Their symptoms became steadily 
worse notwithstanding therapy. Their progressively severe anemia soon 
became critical and numerous blood transfusions were required. Because of 
difficulties encountered in obtaining donors the use of blood in these cases was 
irregular in regard to frequency and quantity and these patients finally suc- 
cumbed to intercurrent respiratory infections. Hemorrhagic manifestations 
were conspicuous by their absence, even with a low platelet count, ranging from 
37,000 to 92,000 in four cases before death. The remaining patient presented 
numerous petechiae shortly before death, while examination of the fundus oculi 
revealed diffuse hemorrhages and thrombosis of the inferior nasal and temporal 
branches of the right retinal vein. At this time the platelet count was 27,000. 
The peripheral blood and sternal bone marrow in these cases presented a typical 
picture of aplastic anemia. The condition of these patients prevented more 
frequent biopsies, so that no studies of the progressive changes in the charac- 
teristics of the bone marrow could be carried out. 

4. Palhologic Findings. Autopsies were performed in the five fatal cases but 
little information was obtained. The mucosa of the gastrointestinal tract ap- 
peared uniformly pallid and atrophic. The wall of the intestine appeared 
thinner than normal. Bone marrow of the metaphyses and epiphyses of the 
femurs was gelatinous, that of the ribs and sternum was scanty and pale with 
the typical microscopic changes usually found in aplastic anemia. Specimens 
of different organs for histologic examination were sent to the Central Laboratory, 
India Command, in Poona, due to the lack of laboratory facilities locally. In 
all five cases the pathologist reported aplasia of the bone marrow and lesions of 
the gastrointestinal tract consisting of extensive atrophy of the superficial 
epithelium and of the epithelium of the villi, of edema of the submucosa and of 
the interfibrillar spaces and atrophy of the muscular layer. No other organs or 
tissues showed any specific alteration. 

It appears, then, that these cases presented clear macro and microscopic 
intestinal lesions winch probably accounted for the irreversible impairment of 
intestinal absorption. But, since the post-mortem examinations were carried 
out several hours after death in patients presenting an extreme degree of pro- 
tracted anemia, we do not believe that the findings contribute to the solution of 
the controversy regarding the entity and significance of the inconstant macro and 
microscopic pathological findings in the intestinal tract of patients who suc- 
cumbed to sprue or to its complications. We agree with Stannus (102) that post 
mortem findings may have little or no bearing on the functional derangements 
underlying the clinical symptoms; we also feel that endoscopic examinations 
during life are probably more important for the understanding of the pathology 
of the gastrointestinal tract in sprue. In cases with acute symptoms the gastric 
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mucosa lias been observed to present patches of atrophy, purpuric spots, signs 
of inflammation, and edema. In the majority of the advanced cases gastro- 
scopic examination showed a secondary typo of atrophic gastritis (82, 47) and 
digital examination of the rectum showed obliteration of the mucosal folds (50). 


TABLE 10 

Studies on fecal fat distribution and fat absorption in tropical sprue* 



MlSOtt- 

8/U TAT 

tft TAT 

1JOV 

JtATTO 

KATIO 


Patients in the first or second slago of tho disenso 
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set in, there were glassy, pinkish, irregular patches of atrophy. In the four 
chronic cases and in the five that developed aplastic anemia the mucosa appeared 
greyish in color, diaphanous and scantily covered by mucus. In the five fatal 
cases the atrophic lesions of the intestinal mucosa seen ante mortem were con- 

TABLE 11 


Composition of the various diets used in the treatment of tropical sprue* 



DIET 1 

DIET 2 

DIET 3 

Milk, gm 

1,400** 

900** 

1,000 

Fruit, fresh, gm 

250 (juice) 

250 

250 

Liver, gm 

250*** 

180 

180 

Vegemite****, gm 

50 

50 

50 

White of eggs, gm 

50 



Tomatoes, gm 

50 (juice) 

50 (juice) 

50 (juice) 

Mutton, gm 


150 

150 

Chicken, gm 


150 


Bread (toasted), gm 


100 

100 

Vegetables (fresh), gm 


100 

100 

Onions, gm 


60 

60 

Potatoes, gm 


60 

60 

Sugar, gm 


50 

i 50 

Eggs, no 


two (gm 60) 

two (gm 60) 

Rice 



100 

Butter, gm 



30 

Cream, gm 



60 

Flour, gm 



60 

Cheese, gm 

1 


50 

Calories 

1,084 

1,916 

3,001 

Proteins (animal), gm 

| 96.2 

131.1 

97.0 

Proteins (vegetable), gm 

1.8 

14.0 

18.0 

Fats, gm 

22.6 

45.3 

90.2 

Carbohydrates, gm 

91.8 

215.5 

295.4 

Proteins/Fats/Carbohydrates 




ratio 

1/0.23/0.95 

1/0.31/1.48 

1/0.78/2.57 


* From “Gastroenterology” vol. 8, p. 732, June 1947 (108). 

** The milk was served as junket. Milk was first skimmed; then rennet was added and 


the junket was kept in ice box overnight. 

*** The liver was served as liver soup. The liver was cleaned of blood as much as pos- 
sible. The pulp was then ground and sieved. Orange juice or vanilla were added for 
flavoring and the soup was served chilled. After a few days addition of a little sugar (10- 

20 gm.) was permitted. 

**** or Marmite: total extract of yeast. 

firmed at post mortem. It appears then that, at least in our series, definite 
lesions of the gastrointestinal tract were present and that their severity w as 
related to the degree of severity of the condition, as permanent lesions became 
established in the few cases in which the disease appeared clinically irreversible. 
5. Prognosis. The prognosis of the disease was favorable especially when 



TltOl'ICAt, SPRUE 


399 


treatment was started early. All primary or relapsing eases, with the exception 
of the four chronic patients, recovered completely under therapy. As will be 
discussed at more length in describing the treatment of the syndrome, diarrhea, 
meteorism and muscular cramps were controlled almost immediately. De- 
ficiency symptoms also disappeared rapidly and the patient showed a steady 
increase in weight and strength. Blood findings, fat absorption, and distribution 
of fecal fat, returned to normal. A large number of cases have been followed 
since their repatriation to Italy and none, to our knowledge, has presented any 
further sign of activity of the syndrome. The 23 patients who relapsed at every 
rainy season have enjoyed perfect health since their return to Europe. The 
only cases still needing treatment were those classified as chronic. This low 
incidence of therapeutic failures (9 cases) indicates the favorable prognosis of 
the condition. The observation that 8 out of 9 chronic cases are older than 45 
years confirms the statement by Manson-Bnhr (G8) and Fairley (35) that old age 
represents a definite handicap to recovery. The data given also emphasize the 
advisability of moving cases of tropical sprue away from areas where the disease 
thrives, especially if relapses are to be avoided. 

The more favorable prognosis in our patients than in those studied by other 
authore was probably due to a lesser degree of severity and the institution of 
treatment early. Thus, Elder (33) reported that of 400 British soldiers suffering 
from sprue who required repatriation from India only 12% were symptom- 
free at the end of the first year, 10% had suffered relapses during that period 
and 78% still presented acute symptoms. It should be mentioned, however, 
that his patients were all soldiers on active duty likely to report for treatment 
later. 

In determining recovery we followed essentially the criteria laid down by 
Fairley (35): improvement of the general condition and return of the weight to 
normal, regression of diarrhea and of the deficiency symptoms, reversal of the 
abnormal blood findings and resumption of normal fat absorption and focal 
fat distribution. However, we considered the maintenance of clinical recovery 
under an unrestricted diet the only safe criterion of therapeutic success since 
in 8 cases, in which treatment had brought about an apparently complete re- 
covery with full regression of symptoms and even return to normal of fat absorp- 
tion, relapses were observed when a normal diet was resumed. 

6. Treatment. The treatment which will be outlined is far from ideal. Be- 
cause of war restrictions, many items were strictly limited or unobtainable in 
sufficient quantities at the proper time. For example, parenteral liver extract 
was made available only for cases with severe macrocytic hyperchromic anemia; 
liver soup and total yeast extract were offered for all the other cases. 

Diet and rest represented the basis of treatment in the majority of cases. 
Patients showing signs of activity of the disease were kept in bed as much as 
possible. As for the diet, after much experimenting, three types were adopted 
which appear in Table 11. Diet 1, high in animal proteins with a protein/fat/ 
carbohydrate ratio (P/F/C) of 1.0/0.23/0.95, was given to patients newly 
admitted to the hospital with severe acute symptoms of the disease. These 
patients seemed to tolerate the diet well, therefore it was continued for a week or 
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longer. In several cases small ulcerations of the tongue required painting with a 
4% cocaine hydrochloride solution to make feeding possible in the few initial days 
of treatment. Diet 2, which had a P/F/C ratio of 1.0/0.31/1.48, followed. 
It was continued until regression of active symptoms. Diet 3, with a P/F/C 
ratio of 1.0/0.78/2.57 was given to all convalescent patients until clinical re- 
covery appeared complete. Notwithstanding its high content of fats and carbo- 
hydrates, this diet was found to be efficient, as judged by the weight curve of the 
patients. 

Some of the items of the diet required special preparation. Milk in diets 1 and 
2 was given as unsweetened junket several times daily in order to avoid an in- 
crease of meteorism. In diets 1 and 2 liver was given as liver soup (see Table 11 
for details of its preparation). Vegemite and Marmite, which are whole ex- 
tracts of yeast, were often refused by the patients with severe glossitis because 
of their high content of salt. Therefore, it was necessary to dilute them with 
water and give them as fluid in the 24-hour period. Frequent small feedings 
were found to be tolerated best by the patients still presenting active symptoms, 
for bulky meals contributed to the perpetuation of diarrhea and meteorism. 
Items of diet 1 were divided into seven light meals given at 2 hour intervals from 
8:00 a.m. to 10:00 p.m., as shown in the following scheme. The weights of 
milk, fruit and liver represent the amount of original foodstuff from which milk 
junket, fruit juice and liver soup, respectively, were prepared. 

8:00 a.m. milk (350 gm.) 

10:00 a.m. fruit (tangerines or oranges, 125 gm.), liver, (125 gm.) 

12:00 a.m. tomato juice, (50 gm.), white of a boiled egg (25 gm.) 

2:00 p.m. milk (350 gm.) 

5:00 p.m. milk (350 gm.) 

7:00 p.m. fruit (125 gm.) , liver (125 gm.) 

10:00 p.m. milk (350 gm.) , white of a boiled egg (25 gm.) 

plus Vegemite or Marmite (50 gm.) in water in the 24 hour period. 

Items of diet 2 were also divided into 7 meals given at about 2 hour intervals. 
The diet was modified in some cases to agree with the particular taste of the 
patient. However, substitutions were carefully selected in order to maintain 
the original nutritive values. White sauce or mayonnaise were usually given 
with chicken, mutton or vegetables. In this case the necessary quantity of 
milk, eggs or sugar was subtracted from the total amount of these items allowed 
daily and small quantities of flour were added to the ration. 

8:00 a.m. milk (300 gm., as junket), sugar (15 gm.), Vegemite (15 gm.) in water 

10:00 a.m. egg (boiled), tomato juice (50 gm.), chicken (150 gm., boiled), bread (50 
gm., toasted), vegetables (50 gm., boiled) 

12:30 a.m. liver (90 gm., as soup), fruit (pulp of banana or mango or tangerines, 
125 gm.) . . 

2:30 p.m. milk (300 gm., as junket), sugar (15 gm.), Vegemite (15 gm., in water; 

5:00 p.m. liver (90 gm., as soup), egg (boiled), potatoes (60 gm., boiled), onions 
(60 gm., boiled) 

7:00 p.m. mutton (150 gm., boiled), bread (50 gm., toasted), vegetables (60 gm., 
boiled), fruit (pulp of banana or mango or tangerines, 125 pa.) 

10:00 p.m. milk (300 gm., as junket), sugar (20 gm.), Vegemite (20 gm., in water) 
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Items of diet 3 were served as 5 meals according to the following schedule. Liver 
was given not only ns soup (when so preferred by the patient) but also grilled or 
fried with butter, onions, or vegetables. A more liberal use of sauces was 
allowed to flavor vegetables and mutton. Flour was used in cooking the sauces 
or for occasional preparation of macaroni. Boiled rice was usually served with 
butter. 


8:00 a.m. 
10:00 a.m. 
12:30 a.m. 
5:00 p.m. 


10:00 p.m. 


milk (350 pm.), BUgar (20 pm.), cream (15 pm.), egg (boiled), Vegcmito 
(15 pm., in water) 

rice (60 pm., boiled), butter (15 gm.), tomato juice (50 gm.), liver (SO gm., 
grilled or fried), fruit (125 gm.) 

milk (250 gm.), cream (15 gm.), sugar (10 gm.), Vegcmito (15 gm., in water), 
bread (60 gm., toasted), mutton or fish (150 gm., steamed or boiled) 
milk (250 gm.), cream (15 gm.), sugar (10 gm.), Vegcmito (15 gm., in water), 
bread (50 gm,, toasted), liver (100 gm., soup or grilled), egg (boiled), 
rice (50 gm., boiled), butter (15 gm.), fruit (125 gm.) 
milk (150 gm.), cream (15 gm.), cheese (50 gm.), sugar (10 gm.) 


In most of the cases in the first and second stage of the disease, when treatment 
consisted of rest and diet, witli ample quantities of liver soup and whole yeast 
extract, improvement was prompt. The number of stools and meteorism 
decreased considerably in a period of 2 to 4 days and the feces became semisolid. 
Intestinal functions were restored to normal in a week; while 30 days after the 
beginning of treatment fat absorption and distribution of fecal fat were within 
normal limits (Table 12). The patients began to gain weight rapidly. Some 
gained from 10 to 15 lbs. a week until their original weight was reached or passed. 
Their appetites became ravenous. With the regression of diarrhea, meteorism 
and anorexia disappeared almost immediately and in a period of 2 or 3 weeks 
asthenia, hypotension, paresthesias, and muscular cramps abated. Thirty days 
after the beginning of treatment blood glucose fasting levels and oral glucose 
tolerance curves were found to be normal (Table 13). A normal HC1 content of the 
stomach juice and a normal response to the Cade and Milhaud’s test meal were 
found in five patients examined about 30 days after the beginning of treatment. 
On the other hand, symptoms of deficiency such ns dermatitis, pigmentation, 
glossitis and stomatitis responded slowly to diet and rest alone. Glossitis and 
angular stomatitis cleared up in about 10 days when 100 mg. of nicotamido were 
administered daily for 10 days and 0 mg. of riboflavin daily for 15 days. Derma- 
titis and pigmentation often persisted long after the clinical remission of other 
symptoms. 

Fatty diarrhea responded to diet alone. It was noticed, however, that bismuth 
salicylate or sulfaguanidino resulted in a rapid alleviation of the diarrhea in the 
first or second stage of the disease or in relapses. A minimal and inconstant 
effect was observed in patients with severe macrocytic anemia; no effect was 
achieved in chronic cases. Bismuth salicylate was used in a dose of 1 gm. t.i.d., 
in 2GS cases. It reduced the meteorism and diarrhea almost immediately and 
improved the consistency of the stools in 48-72 hours. Sulfaguanidino was 
given to 175 cases in a dose of 4 gm. initially, 2 gm. every 3 hours in the first day. 



400 


MARIO STEFANINI 


longer. In several eases small ulcerations of the tongue required painting with, a 
4% cocaine hydrochloride solution to make feeding possible in the few initial days 
of treatment. Diet 2, which had a P/P/C ratio of 1.0/0.31/1.48, followed. 
It was continued until regression of active symptoms. Diet 3, with a P/F/C 
ratio of 1.0/0.78/2.57 was given to all convalescent patients until clinical re- 
covery appeared complete. Notwithstanding its high content of fats and carbo- 
hydrates, this diet was found to be efficient, as Judged by the weight curve of the 
patients. 

Some of the items of the diet required special preparation. Milk in diets 1 and 
2 was given as unsweetened junket several times daily in order to avoid an in- 
crease of meteor ism. In diets 1 and 2 liver was given as liver soup (see Table 11 
for details of its preparation). Vegemite and Marmite, which are whole ex- 
tracts of yeast, were often refused by the patients with severe glossitis because 
of their high content of salt. Therefore, it was necessary to dilute them with 
water and give them as fluid in the 24-hour period. Frequent small feedings 
were found to be tolerated best by the patients still presenting active symptoms, 
for bulky meals contributed to the perpetuation of diarrhea and meteorism. 
Items of diet 1 were divided into seven light meals given at 2 hour intervals from 
8:00 a.m. to 10:00 p.m., as shown in the following scheme. The weights of 
milk, fruit and liver represent the amount of original foodstuff from which milk 
junket, fruit juice and liver soup, respectively, were prepared. 

8:00 a.m. milk (350 gm.) 

10:00 a.m. fruit (tangerines or oranges, 125 gra.), liver, (125 gm.) 

12:00 a.m. tomato juice, (50 gm.), white of a boiled egg (25 gm.) 

2:00 p.m. milk (350 gm.) 

5:00 p.m. milk (350 gm.) 

7:00p.m. fruit (125 gm.), liver (125 gm.) 

10:00 p.m. milk (350 gm.), white of a boiled egg (25 gm.) 

plus Vegemite or Marmite (50 gm.) in water in the 24 hour period. 

Items of diet 2 were also divided into 7 meals given at about 2 hour intervals. 
The diet was modified in some cases to agree with the particular taste of the 
patient. However, substitutions were carefully selected in order to maintain 
the original nutritive values. White sauce or mayonnaise were usually given 
with chicken, mutton or vegetables. In this case the necessary quantity of 
milk, eggs or sugar was subtracted from the total amount of these items allowed 
daily and small quantities of flour were added to the ration, 

8:00 a.m. milk (300 gm., as junket), sugar (15 gm.), Vegemite (15 gm.) in water 

10:00 a.m. egg (boiled), tomato juice (50 gm.), chicken (150 gm., boiled), bread (oO 
gm., toasted), vegetables (50 gm., boiled) 

12:30 a.m. liver (90 gm., as soup), fruit (pulp of banana or mango or tangerines, 

125 gm.) . . v 

2:30 p.m. milk (300 gm., as junket), sugar (15 gm.), Vegemite (15 gm., m water) 

5:00 p.m. liver (90 gm., as soup), egg (boiled), potatoes (60 gm., boiled), onion 

(60 gm., boiled) , . 

7:00 pun. mutton (150 gm., boiled), bread (50 gm., toasted), vegetables (60 gm., 
boiled), fruit (pulp of banana or mango or tangerines, 125 gm.) 

10:00 p.m. milk (300 gm., as junket), sugar (20 gm.), Vegemite (20 gm., m water) 
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Items of diet 3 were served as 5 meals according to the following schedule. Liver 
was given not only as soup (when so preferred by the patient) but also grilled or 
fried with butter, onions, or vegetables. A more liberal use of sauces was 
allowed to flavor vegetables and mutton. Flour was used in cooking the sauces 
or for occasional preparation of macaroni. Boiled rice was usually served with 
butter. 


S:00 a .in. 
10:00 a, in. 
12:30 a.m. 
5:00 p.m. 


10:00 p.m. 


milk (350 pm.), sugar (20 gm.), cream (15 gm.), egg (boiled), Vegomito 
(15 gm., in water) 

rice (50 gm., boiled), butter (15 gm.), tomato juice (50 gm.), liver (80 gm., 
grilled or fried), fruit (125 gm.) 

milk (250 gm.), cream (15 gm.), sugar (10 gm.), Vcgemite (15 gm., in water), 
bread (50gm., toasted), mutton or fish (150 gm., steamed or boiled) 
milk (250 gm.), cream (15 gm.), sugar (10 gm.), Vcgemite (15 gm., in water), 
bread (50 gm., toasted), liver (100 gm., soup or grilled), egg (boiled), 
rice (50 gm., boiled), butter (15 gm.), fruit (125 gm.) 
milk (150 gm.), cream (15 gm.), cheese (50 gm.), sugar (10 gm.) 


In most of the cases in the first and second stage of the disease, when treatment 
consisted of rest and diet, with ample quantities of liver soup and whole yeast 
extract, improvement was prompt. The number of stools nnd metcorism 
decreased considerably in a period of 2 to 4 days and the feces became semisolid. 
Intestinal functions were restored to normal in a week; while 30 days after the 
beginning of treatment fat absorption and distribution of fecal fat were within 
normal limits (Table 12). The patients began to gain weight rapidly. Some 
gained from 10 to 15 lbs. a week until their original weight was reached or passed. 
Their appetites became ravenous. With the regression of diarrhea, metcorism 
and anorexia disappeared almost immediately nnd in a period of 2 or 3 weeks 
asthenia, hypotension, paresthesias, nnd muscular cramps abated. Thirty days 
after the beginning of treatment blood glucose fasting levels and oral glucose 
tolerance curves were found tobo normal (Table 13). A normal HC1 content of the 
stomach juice and a normal response to the Cade and Milhaud’s test meal were 
found in five patients examined about 30 days after the beginning of treatment. 
On the other hand, symptoms of deficiency such as dermatitis, pigmentation, 
glossitis and stomatitis responded slowly to diet and rest alone. Glossitis and 
nngular stomatitis cleared up in about 10 days when 100 mg. of nicotamidc wore 
n mistered daily for 10 dayB and 0 mg. of riboflavin daily for 15 days. Dcrma- 
1 ® and pigmentation often persisted long after the clinical remission of other 

symptoms. 
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eftect 1 SC . COnC ^ ^' sease or * n relapses. A minimal and inconstant 

achiov'rp ' n patients with severe macrocytic anemia; no effect was 
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TABLE 12 

Fecal fat distribution and fa, absorption in patients with tropical sprue, SO days alter the 

beginning of treatment 1 ' 

(Previous results in the same untreated patients are shown in Table 10> 


CASE XO. 

■WEIGHT 

DKVEECES 

TOTAL FAT 

TOTAL FAT j 

ABSOKP- 


J 

s/s? EATIO 



Split | F*A. Soaps 

Unsplit 

TION 

S/u EATio ! 


Patients in the first or second stage of the disease 


19 

627 

903 

1012 

32.5 

29.4 

29.7 

33.2 

% 

10.1 

10.3 

8.9 

12.0 

% 

75.3 
74.2 

77.4 
75.9 

% 

32.6 
34.3 

41.7 
33.9 

% 

42.7 
39.9 

35.7 
42.0 

% 

24.7 

25.8 
22.6 
24.1 

% 

87.4 

87.1 

88.7 

85.0 

3.05 

2.87 

3.42 

3.15 

0.57 

0.54 

0.46 

0.55 

Average.. . 

31.2 

10.32 

75.70 

35.62 

40.08 

24.30 

87.0 

i 3.12 

0.53 


Patients in the third stage of the disease 


1 49 

524 

684 

792 

959 

1062 

28.5 

31.6 

39.6 
18.4 
16.2 
29.2 

ffl 

79.2 

71.5 

75.4 

81.0 

77.1 

75.9 

40.7 

29.4 
37.2 ; 

38.8 

36.5 

37.9 

38.7 

42.4 ! 
38.2 

41.5 

40.6 
38.0 

20.6 

28.2 

24.6 

19.7 
22.9 
24.1 

84.0 

87.2 
88.5 

89.2 

86.3 

86.1 

3.84 

2.54 

3.07 

4.11 

3.36 

3.15 

0.49 

0.59 

0.51 

0.51 

0.53 

0.50 



1 

20.91 

76.68 

36.75 

39.90 

23.35 

86.9 

3.34 

0.52 


E. A., Fatty Acids; S/U Ratio, Split/Unsplit Fat Ratio; S/SF Ratio, Soaps/split Fat 
Ratio. 

The values given are an average of daily determinations over a three day period. 


TABLE 13 


Blood sugar concentrations during oral glucose tolerance tests in 10 patients with tropical 
sprue, SO dags after the beginning of treatment 
(Results in the same untreated patients are given in Table 8) 



TIME 


| Odin. 

30 min. 

60 min. 

90 min. 

120 min. 

Patients in the first or second stage of the disease 

1S2 

1 97.4 

143.9 

162.6 

185.2 

162.7 

502 

! 102.6 

152.8 

179.3 

210.5 

168.4 

627 

98.4 

144.6 

167.1 

178.6 

152.8 

903 

95.7 

139.5 

160.2 

189.3 

143.5 


Patients in the third stage of the disease 


67 

100.6 

154.1 

176.9 

207.2 

169.1 

198 

98.7 

143.7 

169.6 

193.7 

170.5 

524 

104.2 

162.2 

184.2 

220.4 ; 

178.5 

618 

100.4 

170.9 

193.1 

215.9 

184.2 

899 

95.3 

150.8 

178.7 

202.6 

175.4 

954 

99.5 

147.2 

172.8 

198.5 

175.3 

Average 

99.28 

150.97 

174.45 

200.19 

168.06 


tv» 1 r»f hlAAfi 


The Daiients received 1 gm, 
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and 1 gm. every 3 hours in the 3 following days. Its administration resulted in 
the arrest of the diarrhea and in an immediate feeling of well-being by the 
patient. The results were striking enough to recommend the routine use of the 
drug for the treatment of diarrhea in all patients in the initial stages, but un- 
fortunately the limited supply interfered with such a project. The same striking 
response of early stages of sprue to sulfaguanidine was observed by all authors 
who have reported recently on the disease in India (21, 55, 118, 33). This 
confirms the communication made as early as 1938 by Rogers (94) on the effec- 
tiveness of prontosil in sprue. The mechanism of action of sulfaguanidine in the 
disease is not established and no studies of its influence on fat absorption or on 
its preventive activity have been carried out. A large scale experiment on the 
preventive effect of the administration of sulfaguanidine to all inmates in the 
Camp of Yol had been planned for the period Junc-September 1944 but it could 
not bo carried out because of insufficient quantities of the drug. The activity 
of sulfaguanidine became less evident with the progression of the disease until 
it appeared ineffective in controlling the diarrhea of the very advanced cases. 
This would seem to indicato that the drug is not a specific. As Walters (118) 
pointed out, the action of the drug consists in suppressing the secondary infec- 
tions which may bo responsible, at least in part, for ihc severity and persistence 
of diarrhea. 

The treatment of the 153 cases of macrocytic anemia was based on the ad- 
ministration of liver extract. Two different preparations were used: Lilly’s 
“Liver extract” (obtained through the courtesy of the International Red Cross) 
containing 10 U.S.P. Units per cc; and the “T.C.F. Liver Extract” (sheep liver 
extract prepared by the Tcddington Chemical Factory in Bombay) described 
as containing “most of the B-complex substances present in the original liver”. 
The British Authorities supplied the “T.C.F.” as well as an insufficient number 
of samples of “Hepatex” and “Hcpastab.” We were unable to determine how 
much liver was represented in 1 cc. of “T.C.F.” extract. After a preliminary 
trial, Lilly’s extract was given in a dose of 2 cc. daily for the first week, then every 
third day for the following 2 weeks. Finally, the hospitalized patients were 
given a weekly maintenance dose of 2 cc. They were advised to continue this 
in their camp but very few were able to do so. When the “T.C.F.” preparation 
was used higher doses were found necessary; hence 4 cc. were administered daily 
for the first week, then 2 cc. every other day for the two following weeks, and 
finally a maintenance dose of 2 cc. twice a week. The injections were given 
intramuscularly and no reactions occurred. All patients showed a satisfactory 
response. A marked reticulocytosis was observed from 4 to 6 days after the 
beginning of the treatment; it reached a maximum of 7 to 48% after 7 to 10 
days; and then gradually declined to normal values in 3 or 4 weeks. At the 
same time the number of red and white blood cells in leucopenic subjects in- 
creased rapidly and reached normal levels at the end of 4 weeks. Hemoglobin 
percentages reached normal values in about 4 weeks, after an initial limited 
decline. These findings are summarized in Figure 3 which shows the average 
changes of hemoglobin, red blood cells and reticulocytes in 100 of our cases 
under parenteral liver therapy. In 32 individuals the initial drop in hemoglobin 

•' ' 
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Fig. 3. Hematologic Response to Parenteral Liver Extract Therapy in 
Patients With Tropical Sprue 

Average has been determined from 100 cases 
TABLE 14 


Sternal bone marrow in 6 cases of tropical sprve 7 days after the beginning of treatment with 
optimal doses of liver extract parcnteralhj with satisfactory reliculocytic crisis 
(The count was on 500 elements. For figures of the same untreated cases see Table 6.) 


CASE NO. 

ME. 

£.£R. 

l« isa. 

NORM. 

CR. S. 

LY, S. 

PLAS. 

MEGAK. 

NOHC.C. 


% 

% 

% 

% 

% 

% 

% 

% 

% 

196 

1.3 

8.5 

11.3 

26.2 

51.8 

4.6 

2.0 

0.3 

0.0 

524 

2.4 

7.0 

19.8 


32.9 

8.7 

0.8 

0.8 

0.6 

820 

0.4 

1.7 

10.8 

28.4 

51.1 

5.6 

0.2 

0.6 

1.2 

907 

4.7 

6.0 

14.7 

19.2 

47.2 

7.8 

0,0 

0.0 

0.4 

978 

1.9 


15.0 


46.2 

9-0 

0.7 

1.2 

1.0 

1027 

0.8 


18.1 

22.5 

48.6 

6.4 

0.3 

0.1 

0.0 

Average.. . 

1.90 

4.35 

14.95 

23.93 

46.80 

7.02 

0.67 

0.50 

0.53 


Me., Megaloblasts; E. Er., Early erythroblasts; L. Er., Late erytlwoblasts; Norm., 
Normoblasts; Gr. S., Granulocytic series; Ly. S., Lymphocytic series; Plas., Plasma cells; 
Megak., Megakariocytes; Non C.C., Non classifiable cells. 


level and the concomitant increase in the number of red blood cells were so 
extensive as to give a temporary picture of hypochromic anemia. In these 
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cases, liver therapy was associated with iron in the form of ferrous sulfate (2-3 
gm. daily for 1 week) or of reduced iron (0.8 to 1 gm. daily for one week) sus- 
pended in water after addition of a few drops of IIC1. Our observations confirm 
the experience of others that in tropical sprue the response of anemia to parenteral 
liver therapy is usually slow, and higher doses arc required than in a responsive 
case of pernicious anemia. 

Sternal bone marrow biopsies were continued at weekly intervals during 
treatment in six cases. Definite changes were observed at the end of the first 
week. The number of normoblasts increased considerably, at the expense of 
tho megaloblnsts and erythroblasts, an observation made by Rhoads and Castle 
(90) (Table 14). Fifteen days after the beginning of treatment, the bone marrow 
was normal. No other cases were examined and no more biopsies were per- 
formed. 

The response to therapy in tho third stage of the disease was equally satis- 
factory but was somewhat slower than in the less advanced stages. Relief from 
diarrhea and meteorism was obtained in from 7 to 10 days. Intestinal functions 
appeared normal and studies of the feces revealed a normal fat distribution and 
fat absorption (Table 12) thirty days after the beginning of treatment. Other 
clinical symptoms improved with tho control of the fatty diarrhea as was ob- 
served in patients treated in earlier stages. Thirty days after starting treat- 
ment the fasting blood glucose concentration, the oral glucose tolerance curve 
(Tablo 13) and the serum calcium and phosphorus concentrations (Table 15) 
"ere within normal limits. The fasting gastric acidity and the response to 
Cade and Milhaud’s test meal were found normal in 15 cases one month after 
tho beginning of treatment. 

Seventeen of the 153 patients treated did not respond to parenteral liver 
therapy. Tins number includes the 5 who developed aplastic anemia and the 4 
who became chronic eases. The 8 remaining cases, who had a severe macrocytic 
anemia, showed only a moderate reticulocyte response and a limited hematologic 
response under optimal doses of liver extract until they received transfusions 
(5 cases) or intramuscular injections of small quantities of blood (3 cases). 
Usually 2 or 3 transfusions (5 ml. of whole blood per Kg. of body weight) were 
sufficient to obtain a satisfactory response. As difficulty was experienced in 
obtaining blood in large quantities because of the small number of volunteer 
donors among the undernourished population of the camp, 3 more cases received 
intramuscular injections of small quantities of blood, 20 ml. daily for 15 to 20 
days. A. satisfactory reticulocyte response was obtained in patients previously 
resistant to parenteral liver therapy. These findings confirm the statement by 
Reele and Bound (55) that there are patients with advanced sprue in whom no 
satisfactory response to liver therapy can be obtained without a preliminary 
'arge whole blood transfusion. By what mechanism the same effect can be 
obtained by means of and repeated intramuscular transfusions remains at 
Present a matter of speculation (108). 

The difficulty in obtaining blood for transfusions made it particularly difficult 
to treat tho 5 cases of aplastic anemia. The original plan for maintaining this 

w ,,-r' 



406 


MARIO STEFAOTNI 


patients on^a minimum level between 3,000,000 and 3,500,000 red blood cells 
and 60 to 70% hemoglobin appeared unattainable. Transfusions were given 
wnen and in the amount possible, but the treatment was clearly insufficient, as 
the patients grew worse and finally succumbed to intercurrent respiratory 
infections. 

Full scale therapy had practically no effect in the 4 chronic cases. Parenteral 
liver extract (Lilly’s) continued for months at the fully effective dose of 2 ml. 
(20 Units, U.S.P.) every third day, as well as a proper diet and high doses of 
yeast extract and nicotamide, maintained the patients in a precarious balance 
only. A temporary effect upon diarrhea, edema and anemia was obtained with 
plasma transfusions (“Lyovac”, 250 ml. per infusion). 

It may be said in concluding this section that the observations presented in 
this paper have not added substantially to the report of Castle et al. (19)-, Our 
dietary observations confirm the fact that a high protein, low fat diet causes a 
diminution in steatorrhea, probably on account of the lower fat intake. With 
the diminution of the irritant fatty material in the intestine, a diminution in 
diarrhea follows. On the other hand, if no substantial change in fat absorption 
occurs, the use of a low fat diet only produces an apparent clinical remission 
and doubt remains if it has a real curative value in sprue, but merely acts as an 
adjuvant. 

Our findings confirm the impression that liver and yeast extract are highly 
effective in the treatment of the sprue syndrome. They do not, however, permit 
an evaluation of their comparative effect as most of the patients received yeast 
extract and parenteral liver simultaneous^. This is regrettable since discordant 
reports on the therapeutic activity of liver, especially when given parenteral ly, 
have been presented in the literature. It is difficult to evaluate the cause of 
these discrepancies, but it is certain that different preparations of liver extract 
vary in their therapeutic activity and generally appear to be more active in 
the “crude” than in the “refined” form (30). While the therapeutic activity 
of liver is generally accepted since the work of Castle and his group (19), it is 
also known that liver extract does not control diarrhea nor does it restore the 
intestinal function in all cases (116). Furthermore, liver alone without proper 
diet will not give a satisfactory therapeutic response (91) nor will it prevent 
relapses of the gastrointestinal symptoms (92). Possibly this variation in 
activity may be due to the variable content of the liver extracts in pteroyl- 
glutamic acid (26, 27, 111, 100) or its conjugates (60, 110), both considered 
specific in the treatment of sprue by most observers (28, 23). 

Fat absorption studies possess considerable merit in determining the efficacy 
of different forms of treatment of tropical sprue. The observations reported to 
date are few and not in agreement with the clinical experience. Thus, high 
doses of yeast extract have been found to be active in restoring normal fat 
absorption, while liver extract, nicotamide and riboflavin appear inactive in this 
respect (6). Folic acid seems to be less active than total yeast extract (28). 
Obviously, more extensive observations based on fat absorption studies are 
necessary as fat absorption appears to be a reliable index of the extension, 
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severity, reversibility or irreversibility of the intestinal lesion. Those factors 
will ultimately decide the success or the failure of any form of treatment in the 
sprue syndrome. 

Behavior of the edema during treatment permitted some interesting obser- 
vations. 129 patients suffering from sprue with macrocytic anemia had edema, 
limited to the face and ankles or generalized. When the anemia, clinical symp- 
toms and laboratory features began to improve under liver therapy, the edema 
disappeared within 7 to 10 days in 09 patients. In the other 43, the occurrence 
of the reticulocyte response and the improvement of the hematologic conditions 
were accompanied by extension of the edema. Some of the patients gained 14 
to 10 lbs. in a period of 3 to 4 days. Later, edema regressed with concomitant 
marked increase of diuresis, and finally it disappeared completely in 25 to 30 

TABLK 15 

Strum calcium and phosphorus concentration in patients with tropical sprue 30 days after the 
beginning of treatment 

(All cases presented macrocytic anemia. For results in these patients before treatment see 

Table 7.) 


CASE K O. 

CALCIUM 

nxosntQJrttt 


, per 100 ml. 

«*. ferlOOtnl. 

27 

9.4 

4.2 

5G 

8.0 

4.1 

152 

9.2 

4.5 

19ft 

8.7 

4.2 

303 

9.7 

4.2 

684 

9.8 

3.9 

847 

10.1 

3.8 

954 

9.6 

4.S 

975 

9.7 

3.8 

987 

11.0 

5.0 

Average 

9.G1 

4.25 


days. Simultaneous determinations of the serum total protein level by the 
method of Bierry and Vivario as modified by Guillaumin, Wahl and Laurencin 
(41) were performed every 5 days in 10 of these cases after the beginning of liver 
therapy. This same study was extended to 10 cases in which edema quickly 
improved and disappeared under treatment. Average findings are presented 
in Figure 4. It was found that in the first group of cases, extension of the edema, 
not associated with albuminuria or hypertension, was accompanied by a greater 
temporary fall of total serum proteins. This was possibly due to a greater demand 
of plastic material for active erythropoiesis as previously suggested by the writer 
(108). Relationship between hypoproteinemia and extension of the edema 
under liver therapy was further demonstrated by the prompt regression of the 
edema after plasma transfusions (250-300 ml.). 

These findings agree with the previous observations on the subject. The 
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extension of a pre-existent edema during the improvement of the clinical symp- 
toms m the course of antianemic therapy (“delayed edema”) has been observed 
m patients with microcytic (49) and macrocytic (29, 48) anemia, with sprue 
treated with pteroylglutamic acid (27) and in patients recovering from mal- 
nutrition (103, 119). In these previous observations as well as in ours (108) 
extension of the edema occun-ed from 5 to 7 days after the beginning of the 
treatment and was accompanied by a drop in serum protein. 



Fig. 4. Relationship Between Total Serum Protein Level, Edema and 
Hematologic Findings in Sprue Patients During Parenteral 

Liver Therapy 

The study includes 10 patients (group 1) in which edema rapidly subsided and 10 cases 
(group 2) in which reticulocyte crisis and hematologic improvement were accompanied 
by temporary extension of the edema. 

DISCUSSION AND CONCLUSIONS 

The conclusions are based on the epidemiologic clinical and laboratory ob- 
servations presented analytically in the first part of the paper as well as on a 
correlation of other findings with ours from the Indian war theatre. Table 16 
shows the incidence of the more common symptoms of the disease in groups of 
cases which have been described in sufficient detail by the several authors. 

1. Tropical Sprue in War Time India. The review of the war time reports 
is not intended to be complete and includes only the observations related to 
our findings. Some authors have classified the syndrome described by them as 
“dietary deficiency” (118), “anemia with dyspepsia” (51), “nutritional macro- 
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cytic anemia” (2), and “parasprue” (21, 104, 105). The reasons why these 
different diagnoses should be changed to that of tropical sprue will be given 
later. . 

A series of 120 cases of “dietary deficiency syndrome” occurring in an Indian 
battalion stationed in Burma with a clinical picture similar to that seen in our 
patients has been presented by Walters (11S). The high incidence of deficiency 
symptoms and macrocytic anemia may be due to the fact that statistical data 

TABLE 16 


Incidence oj symptoms in different groups of patients with tropical sprue 


' 

AUTHOR* 

OTAUDURI ■ 
& 

CHAVDUBI 

(1944) 

EEELE 

A 

BOUND 

(1946) 

KEEL E 

(1946) 

WALTERS 

(1946) 

ELDER 

(1947) 

BTErANTNI 

(present 

paper) 

NUMBER or CASES STUDIED 

NATIONALITY , 

22 

Mixed 

600 

British 

E0 

British 

126 

Indi&n 

400 

British 

1069 

Italian 

Symptoms (incidence per one 

hundred) 



Diarrhea 

100 

100 

n 

I 100 

100 

100 

Dyspepsia 

90 

91 

mm 


— 

100 

Nausea 

0 

— 

■9 

— 

— 

5.8 

Vomiting 


18 

44 

— 

— 

0.5 

Loss of ncight 

100 

100 

94 

78 

100 

100 

Fever 

18 

— 

— 




12 1 

Glossitis 

90 

96 

61 


98 

90.4 

Angular stomatitis 

' ■ 

40** 

14 

iH 

44 

27.22 

Catarrhal proctitis 1 


— 

— 




29.47 

Shin changes 


27 

9 

1 52 

18 

33.67 

Pigmentations 


4 

— 

— 

— 

32 70 

Muscular cramps 

— 

25 

25 

— 



27.20 

IlypotonBion 

— 

8 

— 

— 



92.4 

Paresthesia 

— 

— 

— 

04 



17.4 

Hyperchromic anemia 

50 

— 

26 

29 

22 

14 4 

Edema 

28 

— 

— 

— 


10.2 


The sign — means that no information on the incidence of the single symptoms is avail- 
able in the original paper. 

* rigurea relative to the cases described by Bramwell-Cook (12) are not given for in- 
sufficient information v, as available in the original paper. 

** Including cheilosis. 

were based on studies of hospitalized patients already in an advanced stage of 
the disease. Walters stressed the occurrence of the syndrome among vegetar- 
ians and considered the dietary deficiency of animal proteins a definite predis- 
posing cause. This dietary deficiency could also explain the high percentage, 
found in this group, of cases of considerable severity who did not respond satis- 
factorily to treatment. 

Sixty cases of “anemia with dyspepsia” among Indian troops in Burma de- 
scribed by Howell (51) and five selected cases of “nutritional macrocytic anemia” 
in a unit of vegetarian Indian soldiers stationed in Egypt reported by Balbir 
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Singh (2) showed characteristics similar to those of the patients studied by 
waiters. 

The results obtained by Keele and Bound (55) and Keele (54) in a series of 
680 cases of tropical sprue occurring among British soldiers stationed in India 
are important because of the large number of cases studied, the careful clinical 
observation and the thorough investigation from a biochemical point of view 
(see papers by Black and others: 7, 10, 9, 8, 6, 38). The clinical picture of 
these cases was very similar to that seen in our series of patients who had reached 
the late stages of the disease. This is not surprising because the subjects 
studied by the British authors required hospitalization or were waiting for re- 
patriation on medical grounds. A comparison of our findings with those ob- 
tained by Keele and Bound and Keele shows only a few significant discrepancies: 
Vomiting: 0.5 and 18%, hypotension: 92 and 8%, pigmentation: 33 and 4%, 
respectively. This contrast may be explained by differences in ethnical group, 
diet and habits of the patients. Interestingly, the feces of Keele and Bound’s 
patients presented marked steatorrhea with a very high ratio of split to unsplit 
fecal fat (from 3:1 to 20:1). This finding may be due to some technical error 
and will be discussed later. Similar findings in 400 patients, cases which in- 
clude many of those studied by Keele and Bound, have been reported by Elder 
(33). 

During the period 1942-1945 interesting clinical syndromes closely related 
to sprue were described among the civilian population of India. Chauduri and 
Rai Chauduri (21) made a detailed study of 22 cases of a syndrome, commonly 
encountered in Calcutta among both Indians and Europeans, characterized 
by asthenia, dyspeptic symptoms, pale diarrhea with moderate steatorrhea, 
glossitis, macrocytic anemia and diagnosed as “parasprue.” Closely related 
to these findings is the syndrome described by Bramwell-Cook (12) found among 
natives of the Gujerati district and diagnosed by the author as “vitamin B 
deficiency.” Fat absorption studies were not carried out in either series, but 
clinical symptoms, laboratory results including a flat oral glucose tolerance 
curve, increased fecal fat and therapeutic response to a low fat, low carbohy- 
drate, high protein diet and to parenteral administration of liver extract justify 
the diagnosis of tropical sprue. 

A study of the clinical picture of each of these syndromes described reveals 
similar characteristics. Minor differences in the incidence of single symptoms 
and in the severity of the condition may be attributed to the differences in race, 
diet and evolution of the disease. Nor should it be forgotten that preexisting 
debilitation or dietary deficiency may have modified considerably the course of 
sprue and its response to treatment. For example, it has been observed con- 
stantly that anemia develops much earlier and therapeutic response is much 
slower in vegetarian Indians than in well-fed Europeans. A similar clinical 
picture, constant presence of steatorrhea with an increased ratio of split to un- 
split fecal fat, decreased fat absorption, and a favorable response to yeast and 
liver extract are features common to cases described and should therefore be 
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diagnosed as tropical sprue. Confirmatory evidence is the evolution from a 
partial or mild clinical picture to a fully developed condition of tropical sprue 
when the disease is left untreated for a period of lime. 

2. Diagnosis of Tropical Sprue and Allied Syndromes. The diagnosis of sprue 
is often difficult especially in the non-endemic areas. The disease may be missed 
altogether or its recognition delayed until it presents the complete clinical 
picture. At this stage, less reversible lesions have developed and resistance to 
treatment and the possibility of relapses are much higher. Milder forms, initial 
and early stages of the disease which appear frequently are vaguely classified as 
atypical or incomplete and are called “nutritional diarrhea”, “hill diarrhea”, 
"parasprue”, to quote only a few of the terms. The author himself erroneously 
used the clinical designation of “parasprue” in a preliminary report published 
in 1945 (104), but he believes now that terms of this type are misleading if not 
meaningless and that the differentiation of these syndromes from tropical 
sprue is often artificial and confusing. Illustrative of this fact is the line of 
thought of Chauduri and Rai Chauduri (21) who, after having attempted to 
distinguish “parasprue” from tropical sprue on the basis of the different racial 
distribution, type of diarrhea, “absence of very severe emaciation and peculiar 
waxy colour,” and improvement on parenteral liver therapy only without any 
strict dietary regime, conclude that “the condition appears to be the Indian 
version of sprue.” Obviously, the lack of accepted diagnostic criteria is the 
main obstacle in correctly recognizing tropical sprue. Little can be expected 
from the multiplication of clinical terms which cannot possibly cover the protean 
manifestations of the “sprue syndrome.” We agree with Stannus (102) that a 
definition or classification of sprue is hardly possible or conceivable until more 
is known of its etiology, pathogenesis and significance. 

The modern concept of the diagnosis of tropical sprue is based upon clinical 
criteria and upon a few laboratory findings which may include steatorrhea, very 
often determined with microscopic examination of the feces without proper 
chemical control, a flat oral glucose tolerance curve, and hypocalcemia. These 
findings are presumed to show the presence and the extension of the intestinal 
dysfunction in sprue. The limitations of these diagnostic methods are obvious 
and have been analyzed by Stannus (102). The discussion which follows will 
not offer any new or better method of diagnosis but it will attempt to prove 
that when these methods are at hand they can be better used for a correctunder- 
standing of the fundamental nature of the disease. 

It is agreed that the basic defect in sprue is represented by a partial break- 
down of the digestive functions. Partial, because digestion and to a certain 
extent transportation of food, take place normally while only absorption appears 
to bo invariably impaired. The hypochlorhydria sometimes found in sprue is 
never of such a degree as to interfere, theoretically at least, with the activity of 
pepsin or of the pancreatic and intestinal enzymes as determined by direct and 
indirect methods. Recently however, a disturbance in the intestinal digestion 
of mucus in sprue has been demonstrated (98) by means of intestinal intubation. 
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Tliis finding may partly explain the defect of emulsification of fats and fatty 
acids. According to the views of Frazer (39) this defect of emulsification may 
be an important factor in the pathogenesis of malabsorption of fats. 

Intestinal motility and transportation of chyle in the intestine of patients 
with tropical sprue have been analyzed mainly by radiologic techniques. 
Mackie, Miller and Ehoads (67) demonstrated a derangement of the normal 
motor function and abnormal variations in the tone of the muscular layer of the 
intestinal wall. Furthermore, Golden (40) has described a radiologic picture 
that he considers specific for the “sprue syndrome” and avitaminosis B, con- 
sisting in abnormalities of the motility of the villi and flattening of the valvulac 
conniventes (“deficiency mucosal pattern”). For some authors this condition 
would represent the main factor of the deficient intestinal absorption found in 
the “sprue syndrome.” According to Hurst (52) a vitamin deficiency or toxemia 
would cause a dysfunction of Meissner's plexus and subsequently paralysis of 
the muscularis mucosae which would in turn cause the loss of pumping action 
of the villi. This theory gives paramount consideration to the malabsorption 
of fats, which is not the only defect in sprue. Many authors have refuted this 
view, because it is not supported by any clinical or experimental fact showing 
that the defect of motility of the villi is the primary factor interfering with the 
normal absorption of food. On the contrary, it is known that villi can be quite 
motionless during absorption (120) and, as Stannus (102) states: “that the 
pumping action of the villi normally propels the content of the lacteal radicles 
into the bigger lacteals cannot be doubted, but this is one matter; absorption 
by the epithelium lining the gut is another.” The possibility of increasing 
dietary fat without reducing the percentage of fat absorbed (6) is another argu- 
ment against Hurst’s theory as are the recent findings on the mechanism of fat 
absorption by Frazer and the co-workers (39, 24). Finally it must be stated 
that theories of this type, which Stannus (102) has criticized, have given little 
thought to the repeated observation that the reaction of the intestinal wall to 
the bulky and irritant content may be responsible for the X-ray findings as 
much as a primary functional derangement of intestinal motility (86, 89, 53). 
We do not, of course, deny completely the existence of important motor ab- 
normalities in the intestine of patients with tropical sprue for irregularities of 
intestinal emptying are easy to demonstrate. Ingelfinger and Moss (59) have 
shown with ballistographic studies that the small intestine is less resistant to 
distention and that its normal reaction is restored by treatment with acetyl-/? 
methyl-choline chloride. They suggest, therefore, that in sprue the intestinal 
intramural nervous apparatus fails to liberate acetylcholine. In conclusion, if 
disturbances of motility exist in tropical spure and allied disorders, they are 
concomitant and aggravating but they are probably not the primary factor in 

the pathogenesis of intestinal malabsorption. 

Because of the length of this paper, the mechanisms of intestinal malabsorp- 
tion in the “spine syndrome” will not be discussed further. The subject in 
regard to fats has been revised recently by Frazer (39). A few consideiations 
on the specificity and extension of the defect of intestinal absoiption, however, 
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are necessary for a better understanding of the following discussion. The defect 
of absorption in sprue is general, since it involves all dietary constituents. This 
is evident from the chemical analysis of the blood and the feces which have re- 
vealed steatorrhea with a high ratio of split to unsplit fat. Biochemical findings 
include a low blood glucose lovcl, a flat oral glucose and fructose (38) tolerance 
curve, low blood lipids after ingestion of fat (30), a low serum lipoid lovel (62), a 
low plasma vitamin A and carotene level (20), a low oral vitamin A tolerance 
curve (SS), and a low oral glycine tolerance curve (34). Moreover, the Respir- 
atory Quotient shows only minimal and delayed changes after the ingestion of 
glucose (44); while rhamnose given by mouth is slowly and incompletely elimi- 
nated in the urine (10G). The defect of absorption is evidently a considerable 
one, but the malabsorption of fats has received greater attention because ac- 
curate methods for the determination of fecal fats are available. Moreover, 
because of the normally slow absorption of fats, its defect in pathological condi- 
tions is more easily and moro promptly recognized. When a shorter (73) or 
longer (113) portion of the intestine is removed surgically in man, symptoms 
similar to those of sprue eventually become evident. Subsequently, absorption 
studies reveal that carbohydrates and proteins continue to be absorbed but that 
fats are scarcely absorbed (113). 

The defect of intestinal absorption in sprue, while severe, is nevertheless only 
partial. According to our results and those of Black (6, 9, 8) the absorption of 
fats is only 16-40% lower than in normals and steatorrhea regresses when the 
intake of alimentary fat is reduced, hence, apparent curative effect of a low fat 
diet. On the other hand, the defect of absorption is specific. As an example, 
the absorption of glycine is reduced in tropical spruo (34) but not in other 
similar conditions such as diarrhea of pernicious anemia. It should be pointed 
out that observations on the rate and extent of absorption of amino acids and 
carbohydrates in spruo and allied conditions would reveal important information 
on the physiological mechanism of intestinal absorption, as well as be helpful 
in differential diagnosis. Finally, as noted above, the wide occurrence of de- 
ficiency symptoms shows that the defect of absorption docs not spare any dietary 
and nutritive factor. The different length of time required for their appearance 
is probably related to the severity of the disease, the capacity of the body to 
store essential factors and the requirement by the body for same. 

The primary defect of intestinal absorption, which is present from the onset, 
becomes the essential element in the diagnosis and prognosis of the sprue syn- 
drome because onset, development, clinical picture, course of the disease, out- 
come and response to treatment are all closely related to the extension and dura- 
tion of the intestinal dysfunction. Study of fat absorption, ns was already 
explained, is particularly useful in establishing the extension and severity of 
the impairment of intestinal absorption. Steatorrhea with a high ratio of split 
to unsplit fat is a good criterion for the diagnosis of syndromes of the sprue 
type. But the techniques employed for these studies are frequently unsuitable. 
Observation of the macroscopic and microscopic appearance of the stool is not a 
reliablo method for the determination of steatorrhea. Macroscopic appear- 



414 


MARK) stefanini 


ance of a stool of a patient with sprue is not diagnostic, particularly in the initial 
stage, as it may vary in weight, consistency and color. In fact, the color may 
even become darker upon standing. Furthermore, none of these character- 
istics bears a relationship to the fat content of the stool. Even microscopic 
examination which reveals the absence of fatty acids, crystals or soaps is in- 
sufficient evidence to assume that the stool is not a fatty one. 

Chemical analysis, when performed with satisfactory techniques, is the only 
reliable method for the determination of the fat content of the feces. However, 
in order to prevent mistakes and false interpretations of these determinations, 
there are two factors of importance to consider: 1) the diet and 2) the fat intake 
of the patient. The subject must be maintained on a diet of constant quanti- 
tative and qualitative intake of fats, proteins and carbohydrates if the results 
are to be considered a reliable index of the absorption properties of the gastro- 
intestinal tract. Without this precaution, chemical analysis of the fat content 
of the feces usually gives variable results. Secondly, the fat intake of the pa- 
tient under investigation must be close to that of a normal diet. The defect of 
intestinal absorption in sprue is only partial and if the patient receives a low 
fat diet, his steatorrhea may disappear and the estimation of the percentage 
of fat absorption may be grossly incorrect. Leishman (63) reports that 20% 
of his cases of sprue were without steatorrhea. Such reports may be due to the 
disregard of this precaution. Moreover, when the fat content is determined in 
fractions and not on the total amount of feces for the 24 hours or for the total 
period of observation, all components of the diet and even the amount of water 
given to the patient must be controlled. In this instance the amount of residual 
food in the feces (high or low) and the state of hydration of the stool influence 
the dry weight independently of the fat content. 

These precautions, however, will not prevent error if the test is not run over a 
period of days. The results of a 24-hour determination may be altered by 
variations in intensity of steatorrhea which occur daily in patients with sprue as 
well as in normal subjects. Changes in the rhythm of the intestinal emptying 
such as a severe diarrhea, which greatly accelerates the intestinal transit, inter- 
fere with the normal splitting of neutral fat, cause its increase in the feces, and a 
decrease in the ratio of split to unsplit fecal fat. On the other hand, a slower 
emptying gives more tune for absorption of fatty acids. Another factor that 
may be responsible for error is the variation of the lipolytic activity of the feces 
present in normals as well as in sprue patients (10). Such possibilities explain 
variations in results obtained by authors studying steatorrhea in a 24-hour 
period or in a single determination. Fairley (36) finds an almost normal ratio 
of split to unsplit fecal fat, while Keele and Bound (55) report a ratio as high 
as 20'. 1. 

The technique of studying fat absorption over a period of days under stand- 
ardized conditions with a fixed fat intake was applied first by Bassett et al. (4) 
to studies of the sprue syndrome or idiopathic steatorrhea. A similar method 
has been applied by Cooke et al. (24) in investigating the fat balance in patients 
with idiopathic steatorrhea. The 12 day observations of Black and his group 
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(6, 10) and our 3 day observations aro isolated studies of patients with tropical 
sprue. However, the results' correspond closely. Clinical experience has con- 
vinced Black et al., as well as us, of the greater reliability of the fat balance 
studies than of chylomicron counts or serum lipid curves as a diagnostic sign 
of intestinal malabsorption of fats. We are convinced that the administration 
of a constant amount of dietary fat and the determination of the fat balance over 
a period of days, determined by the use of markers, on the total amount of feces 
excreted during that period, minimizes the errors due to variability in rhythm of 
intestinal emptying, lipolytic activity of the feces and variations in residual con- 
tent of food in the stools. Observations have revealed that steatorrhea, with a 
ratio of split to unsplit fecal fat higher than normal, and a deficient percentage of 
fat absorption are practically constant, are present from the onset of the condi- 
tion and are, therefore, significant diagnostic findings in tropical sprue. As 
noted above, the impairment of fat absorption is partial and in our cases we have 
found an average of G7% as compared to a normal figure of approximately 88%. 
Black and others (10) have presented similar results and have shown that this 
deficiency of fat absorption is relatively constant even when fat intake is moder- 
ately increased. Another interesting finding is that while sprue and normal 
stools contain approximately the same amount of unsaponifiable fat, the saponi- 
fiable fraction is increased and to a large extent accounts for the higher content 
of solid fat in the stool of sprue patients. A high proportion of fat is present in 
the form of soaps, mainly of calcium, even when the feces appear to have a 
moderately acid reaction. 

The ratio of soaps to split fecal fat is, therefore, an important diagnostic 
figure and was found, in our experience, in constant relationship to the gravity 
of the clinical picture. Despite the fact that this finding appeared to be rather 
constant in the course of our observations, more investigation is required before 
it can be accepted without reserve. It is particularly interesting that a com- 
pletely opposite ratio of soaps to split fecal fat can be calculated from the tables 
presented by Suarez et al. (Ill) in a study of casesof tropical sprue in Puerto Rico. 
The reason for this discrepancy is at present only a matter of speculation. It 
may be pointed out, however, that the soap content of the stool is obviously in- 
fluenced by the rhythm of intestinal emptying and the content of calcium in the 
diet. 

3. Clinical Picture of Tropical Sprue and Allied Syndromes. While the inci- 
dence and type of the individual symptoms observed do not require special com- 
ment, there are a few points which merit mention. The sudden appearance of 
the initial symptoms is rather uncommon in sprue and will be commented upon 
later when discussing the epidemic occurrence of the disease. The absence of 
symptoms attributable to a deficiency of the liposoluble group of vitamins is also 
noteworthy. Elder (33), however, has attributed the skin changes or exfoliative 
dermatitis, which habitually persist long after all other deficiency symptoms 
have completely cleared up, to a vitamin A deficiency on the basis of the thera- 
peutic response to the vitamin. This interpretation still remains doubtful be- 
cause dark adaptation tests always gave normal results in patients presenting 
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typical skin changes. . The pathogenic interpretation of other clinical symptoms 
did not offer any special difficulty. Thus, glossitis responded to nicotamide and 
angular stomatitis to riboflavin. Because these substances do not exercise any 
effect on intestinal absorption they may be specifics. Hypochlorhydria and de- 
ficient intestinal absorption of iron appear responsible, as pointed out by Wilder 
(122), for the microcytic normochromic anemia. With Vedder (115) we consider 
this type of anemia constant and typical of the early stages of the sprue syndrome. 

An interesting feature of our group of cases is the high incidence of hypotension. 
No attempt had been made to correlate this finding with experimental observa- 
tions. According to Black (6) hypotension, especially in the early stages of sprue, 
should be attributed to an abnormal loss of sodium and chloride in the watery 
stools. We, unfortunately, did not have an opportunity to observe the seriously 
ill patients with hypotension, asthenia, dehydration and peripheral circulatory 
failure which Black has described. Since the serum potassium level is normal 
(87) or diminished (45) in the sprue syndrome and the conservation of sodium 
and other bases by the kidneys is adequate, these findings contradict the the- 
ory, attributing the hypotension to adrenocortical insufficiency (112), and relate 
it to the common basis of all symptoms of sprue, the intestinal malabsorption. 
In support of this view it may also be mentioned that the hypotension of sprue 
does not respond to desoxycorticosterone. 

Some comment is necessaiy concerning the classification of sprue by stages. 
Systematizing the disease in clinical types, which would certainly be useful for 
diagnostic purposes, is difficult because of the variable occurrence and association 
of symptoms in the individual cases. On the other hand, it has been shown that 
the impairment of intestinal absorption is fundamental to the disease and that the 
severity and extension are directly related to the type and progression. For this 
reason the course of the disease is divided into three stages. In the first stage 
the patient has symptoms of early dysfunction of intestinal absorption with 
steatorrhea and dyspepsia; in the second stage the signs of secondary deficiencies 
overshadow the symptoms of the initial period, and finally in the third stage the 
onset of macrocytic anemia, a late sign of intestinal malabsorption, is observed. 
This division into stages has a practical prognostic significance because the first 
and second stages are easily amenable to treatment. However, the third stage 
is often resistant and liable to relapses. It also abolishes the pseudoterms. 
Keele (54) agrees with this view when he writes: “symptoms at onset consist of 
anorexia, diarrhoea, vomiting, weakness and loss of weight. Diarrhoea is usu- 
ally, but not always, first; the other symptoms follow quickly forming a clear 
symptom-complex which persists for a few weeks before further symptoms de- 
velop.” He also considers the symptoms of the second period (glossitis, cheilosis, 

. . ., scaling of the skin) as signs of remission, since in his experience their occur- 
rence coincides with a spontaneous improvement of the diarrhea and of other 
initial symptoms. With this latter point we cannot agree for we seldom noticed 
any improvement of clinical signs or of absorption of fats in the second stage o 
the disease. Symptoms of the first stage are modified with the progression of 
sprue as have been described already but they do not appear to improve to any 
great extent. 
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4. dialogic. and Pathogenic Considerations. A number of theories have been 
proposed to explain the etiology and pathogenesis of tropical sprue. Few of 
them, however, have stood up against the substantial increase of knowledge of the 
sprue syndrome, particularly of tropical sprue, gained in the last few years. 
For a comprehensive review the reader is referred to the chapter in Manson- 
Bahr’s “Dysenteric Disorders,” to the review by Stannus (102), and to Castle, 
Ithoads ct al. (19). 

The theory that considers sprue a deficiency disease appears to be particularly 
well grounded and supported by several experimental and clinical facts. It is 
true that in India well-to-do Europeans contract the disease as readily and fre- 
quently as starved Indians (30, 21), but in most cases of sprue one can usually 
obtain a history of prolonged dietary deficiency, especially that of animal protein. 
This observation has been repeatedly made in Puerto Rico (109, 94) and has been 
recently confirmed among Indian troops in Burma (118) and Egypt (2) where a 
greater incidence of sprue was noticed among vegetarians than in meat-eaters. 
The apparent hereditary (101) and familial tendencies (05) of the disease are 
probably also directly related to dietary factors. The therapeutic effect of a 
high animal protein diet, as well ns the specific response to liver and yeast extract 
and especially to ptcroylglutnmic acid and its conjugates, also suggest a defi- 
ciency of some specific dietary factor. Finally, the disease has been reproduced 
experimentally by means of deficient diets. Clinical features of steatorrhea with 
hyperchromic anemia have been observed in monkeys by feeding them, over long 
periods of time, the diet of the poorer classes in India where the incidence of sprue 
is high (0G, 123, 88). Day and co-workers (61) have produced a clinical picture 
resembling human sprue in monkeys fed a diet deficient in pteroylglutamic acid. 

Of particular interest have been the observations by Radhakrislma Rao (88) 
who, after producing a sprue-like syndromo in monkeys fed a diet grossly deficient 
in proteins and vitamins, has shown that prolonged malnutrition finally led to 
atrophy of the mucosa of the gastrointestinal tract and irreversible impairment 
of intestinal absorption. These experimental findings have been recently con- 
firmed indirectly in that malnutrition in prisoners of war in the Far East was ac- 
companied by steatorrhea and impaired fat absorption typical of sprue (119) and 
that diarrhea with various deficiency symptoms usually found in the sprue syn- 
drome were often present among the undernourished inmates of the concentra- 
tion camps in Belsen (22, 64, 114), Lansdorf (32), Auschwitz (1) and Eastern 
Holland (14). Rao’s findings are also interesting from another point of view, he 
was able to confirm MacCarrison’s observation that a protein deficient diet will 
be accompanied eventually by cystic degeneration of the thyroid gland. These 
findings may possibly explain the high incidence of non-functioning parenchyma- 
tous goitre that we observed. Over a three year period we found a higher inci- 
dence of goitre among sprue patients than in the other prisoners (incidence per 
thousand: 2.24 and 0.74, respectively). It may be interesting to point out that 
parenchymatous goitre is known to develop during the course of idiopathic stea- 
torrhea (96, 112). 

Our observations confirm the importance of dietary deficiencies in the patho- 
genesis of sprue. Among the Britisli and Indian garrisons and the Italian prison- 
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ers of war stationed in Yol, the incidence of sprue, as shown in Table 17 was indi 
rectly proportional to the adequacy of the diet. Fewer cases were’ observed 
among British soldiers receiving a diet high in animal proteins and fats than 
among Italian prisoners of war and Indian soldiers. The diet supplied to the 
Italians, even if sufficient in calories, vitamins and minerals, was low in fats and 
proteins, especially animal proteins and it was unbalanced due to an excess of 
carbohydrates. The monotony and sometimes unpalatability of the diet and 
the frequent substitution of some items of the diet with other foods of less nutri- 
tive value (for example, soya links — a sausage prepared with soya beans, flour, 
and a little pork meat) also contributed to the inadequacy. Likewise, the rations 
supplied to the Indian garrison were deficient in animal proteins on account of 
religious beliefs. The racial factor may be excluded because of the low incidence 
of the disease among Italians either employed as camp cooks or as volunteer 
workers, who received the same rations as the British troops on active duty. The 
importance of diet deficiency was further demonstrated by the critical increase 
in the number of the cases of sprue among Italian prisoners which occurred when, 
after June 1944, the diet was curtailed especially in fats (Table 18). 

Other observations have shown, however, that dietary deficiency is not the 
only factor in the pathogenesis of sprue or that, at least, it does not explain all 
the peculiarities of the incidence of the disease. In India, sprue was endemo- 
epidemic in incidence. While cases appeared all year around, in certain areas 
the syndrome showed an epidemic seasonal incidence. For example, the cases 
reported by Keele and Bound occurred mostly in the months of May and June 
and ours immediately after or during the rainy season. When seasonal, climatic 
and local conditions and, of course, latent malnutrition, were favorable to the 
development of sprue, the disease struck in an almost epidemic form with a high 
incidence among the military units. About 10% of the total strength of Italian 
prisoners of war in Yol suffered from sprue in the three year period. Keele and 
Bound ( 55 ) state that among 8,846 medical cases evacuated from India on medical 
grounds, in the period 1943-1945, 1,073 suffered from sprue. Walters (118) re- 
ports that almost half of the battalion in which he carried out bis observations 
presented symptoms of the disease. The epidemic incidence of sprue has also 
been stressed by Leishman (63) on the basis of his experience in RAF units sta- 
tioned in Chittagong. Local factors were obviously important in the develop- 
ment of the syndrome. It was often observed that with diet and camping ac- 
commodations remaining the same the disease occurred in single military units 
when they were transferred to certain areas of India, Assam or Burma. Keele 
and Bound (55) state that Assam, Bengal and Bihar presented an environment 
favorable to the onset of sprue and it is of interest that most of their cases came 
from these areas. Leishman's experience is better quoted in his own words (63) . 
“In Chittagong . . . Nine separate units in the area were affected, and in some 
ins tances as many as 50% developed the disease. In one RAF unit, within 
weeks of its arrival in the Chittagong area, 10% of its personnel was down wi . 
diarrhoea which rapidly developed into the full sprue syndrome. This epi emic 
. . . ultimately involved several hundred cases/'’ 
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Our obseivntions also emphasize the importance of local factors Italian pris- 
oners of itar in India were stationed in 4 main concentration camps, but the dis- 

TABIjIj 17 


Incidence per thousand of tropical sprue among troops stationed in Yol 



| 1942 

1913 

1944 

Italian prisoners 

mm 

m 

wmm 

Indian troops* 

KfS 


SUB 

British troops 

0 ! 

\ 0 1 

■El 


* Hospitalized patients only 


TABLi: 18 


Composition of the diet issued to garrison troops and Italian prisoners of war in India 




v/t/c RATIO 

A) Italian prisoners of uar 

Before June 1944 



protein (animal) 

26 10 

1 0 

protein (-vegetable) 

51 25 


fats 

OS 05* 

0 88 

cttrl)oli><lratcs 

535 00 

0 92 

calories 

3 lOOt 


After June 1944 



protein (animal) 1 

2S 60 

1 0 

protein (vegetable) ! 

71 10 


fats 1 

42 93* 

0 43 

carbohydrates ! 

452 65 

4 53 

calorics 

2, B10t 


B) British troops 



protein (animal) 

96 20 

1 0 

protein (vegetable) 1 

33 20 


fats 

144 84* 

1 12 

carbohydrates 

442 15 

3 41 

calories 

3,690t 


C) Indian troops 



protein (animal) 

14 4 

1 0 

protein (vegetable) 

81 25 


fats 

SI 31 

0 84 

carbohj drates 

007 22 

6 35 

calories 

3,710t 



Values for foods are in grams 
* Including margarine, 21 30 
t Approximately 


ease was observed only in the Camp of Yol The men in all the camps were 
living under comparable conditions of diet, but Yol differed from the others m 
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altitude as well as length and severity of the rainy season. Cases of sprue have 
been known to occur among Gurkha troops, apparently immune to the disease 
~ en m . tleJr native mountains, shortly after they were sent into Burma, 
liieir diet had not changed substantially nor had their camping conditions (46). 

. Sprue was manifest in military units wherever and whenever the favorable en- 
vironmental conditions existed irrespective of dietary deficiencies, and it did not 
spare the natives, thought to be resistant or immune to the disease. In an area 
wheie the favorable conditions existed, the incidence of sprue among Europeans 
and natives was similar, especially if the natives were living out of their own dis- 
trict. Walters (118) found a large number of patients in an Indian battalion; 
Keele and Bound (55) counted many eases among the Chindits units fighting in 
Burma and Assam. We ourselves saw a considerable number of cases of “pale 
diarrhea and macrocytic anemia,” an euphemism for advanced sprue, among 
Indian soldiers in Yol. Differences in the clinical picture such as frequency of 
secondary deficiency symptoms and of macrocytic anemia were possibly due to 
the undernourished condition of the Indian patients. The same may be said of 
the occurrence of sprue among the civilian population of India, often missed be- 
cause of the diagnosis of chronic dysentery or chronic diarrhea of unrecognized 
nature. Chauduri and Rai Chauduri (21) and Bramwell-Cook (12) have de- 
scribed a large number of cases of sprue in the civilian population of Calcutta and 
the Gujerati district, respectively. We have already mentioned the high inci- 
dence of hill diarrhea found by Megaw and Gupta (75) in Kangra Valley. The 
statement that Indians are immune or resistant to sprue appears, therefore, to 
be based on inaccurate observations. 


The high occurrence of sprue in particular areas could be related to the inci- 
dence of diseases favoring or predisposing to the illness in these areas, such as 
bacillary dysentery or malaria. The geographic distribution of bacillary dysen- 
tery and malaria in India, however, is not similar to that of sprue and the direct 
pathogenic importance of the two conditions is denied rather than supported by 
the war experience. Walters (118) found a history of “bowel infections in a 
large percentage (67) of his selected group of 42 Jats and Raj put an a Musulmans 
suffering from sprue; however, there was an equal incidence in a control group. 
Leishman (63) reported a previous history of dysentery in only 9% of his cases 
and Keele and Bound (55) in 24% of their 600 eases of sprue and in 21% of a con- 
trol group. They also observed that the season of maximum incidence of sprue 
preceded that of bacillary dysentery in Southwestern India. We have not found 
this reversed seasonal incidence. As was anticipated, our figures are even lower 
because our soldiers were no longer exposed to the danger of intestinal infections 
associated with active duty in the field. We agree with Keele and Bound (55) 
that previous intestinal infections and disorders are of no direct importance m the 
pathogenesis of sprue but only represent a predisposing and possibly aggravating 
factor. The same is true of malaria, which certainly predisposes and exacerbates 
sprue, but is unlikely to be directly responsible for the development of the disease. 

It may be concluded, therefore, that dietary deficiencies are largely responsible 
for the occurrence of the sprue syndrome, but it may also be pointed out that the 
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recent observations in India have stressed the importance of climatic and local 
factors. These conclusions are based on observations carried out under almost 
ideal experimental conditions, i.e., in military units leading a routine life and sub- 
sisting on a standard diet. 

Other factors besides a dietary deficiency obviously play a role in pathogenesis 
since diet alone cannot explain the seasonal and local incidence. The occurrence 
of fever in some of the patients in the initial stago of sprue and the prompt re- 
sponse to sulfaguanidine are not necessarily signs that the disease is caused by an 
infection or by an increase in violence of a pre-existing intestinal infection. 
Fever probably expresses the effect of secondary bacterial invasions into a less 
resistant intestinal mucosa. 

p Since most of these studies were handicapped by the lack of investigative fa- 
cilities under war time conditions, much fundamental knowledge of sprue has not 
been acquired. Irishman (03) has expressed the sentiment of those who worked 
on sprue in the Indian war theatre when he wrote: “Throughout this time my 
colleagues and I have been exasperated by our inability to add materially to the 
knowledge of the true nature of the disease.” Pessimism is not justified, how- 
ever, as these studies have contributed, even if in limited measure, to a better 
understanding of several clinical and ctiologic aspects of tropical sprue. 

SUMMARY 

The epidemiologic characteristics, clinical picture and laboratory features of 
10G9 cases of tropical sprue observed during a three year period among Italian 
prisoners of war in a concentration camp in India are described. Data concern- 
ing incidence of the diseaso in relation to atmospheric conditions, changes of diet 
and age group, occurrence of relapses, frequency of the different symptoms and 
their possible pathogenesis, prognosis and treatment are given. The findings are 
correlated with those obtained by other authors who have described cases of 
tropical sprue in the Indian war theatre. The value of these observations is 
based mainly on the consideration that they have been carried out on a large 
group of military personnel living under uniform or at least comparable condi- 
tions of diet and climate. 

The following conclusions have been reached: 

1) The fundamental symptom of the "sprue syndrome” is the partial defect of 
intestinal absorption, whose etiology and pathogenesis are at the present time 
obscure. The onset, clinical picture, course and ultimate outcome of the disease 
arc related closely to the extension, duration and severity of the intestinal dys- 
function, which is usually moderate, reversible and amenable to treatment in 
mild or early cases of tropical sprue but which becomes more serious with the 
progression of the disease. The presence of a partial defect in intestinal absorp- 
tion, especially that of fats, is therefore, a necessary element in the diagnosis of 
the "sprue syndrome.” The use of the "fat balance technique” described in this 
paper makes its recognition and study reliable and easy. A series of studies in 
clear cut cases of spree has revealed that every patient shows: 1) steatorrhea with 
the ratio of the split to the unsplit fat higher than normal, apparently due to an 
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increase in the saponifiable fraction of fecal fat; 2) a defect in the intestinal 

absorption of fats and 3) a ratio of the soaps to the split fecal fat ratio higher than 
usudi * 

2) Dietary deficiency is known to be an important factor in the development 
of tropical sprue. It, however, cannot be considered the only cause of the dis- 
ease, inasmuch as some peculiarities of the cases described in India during the war, 
like the epidemic occurrence of sprue in a particular season of the year or its 
sudden, high incidence among military units shortly after their transfer to certain 
areas, cannot be explained on the basis of “dietary deficiency" alone. Thus, 
sprue occurred whenever and wherever favorable seasonal and climatic conditions 
existed, particularly among individuals with previous dietary deficiencies. Lo- 
cal, climatic and seasonal factors are therefore important in the pathogenesis of 
tropical sprue. 

3) A classification of the “sprue syndrome” according to clinical types appears 
to be useful but difficult to establish because of the variability in the association 
of the symptoms of the disease. We believe a classification according to the 
stages of severity or extension of the intestinal dysfunction gives a better under- 
standing of the variable clinical picture of the disease. The course of tropical 
sprue can be divided into three stages; first, one in which the initial symptoms of 
impaired intestinal absorption predominate, i.e., diarrhea with steatorrhea, dys- 
pepsia; a second in which there appear multiple secondary deficiency signs, i.e., 
glossitis, stomatitis, proctitis, etc.; and a third characterized by macrocytic hy- 
perchromic anemia. This classification would abolish the use of clinical defini- 
tions such as “parasprue," “hill diarrhea," “nutritional diarrhea,” etc., in that 
these merely indicate either mild or initial stages of the same disease. 
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Addendum 

Only after the submission of this manuscript we had the possibility of consult- 
ing a recent article by Ayrey (Ayrey, F., TranB Roy. Sou. Trop. Med. & Ilyg., 41, 
377, 1947) who describes three outbreaks of spruo of epidemic proportions among 
British and Indians troops in Burma. He considers malnutrition, and in partic- 
ular a prolonged dietary inadequacy of ribollavm and nicotinic acid, as the pri- 
mary causal factor of the condition. 
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DIABETIC GLOMERULOSCLEROSIS 

Clinical and Pathologic Observations with Special Reference to 
Doubly Refractile Fatty Cells and Casts in the Urine* 

HAROLD RIFKIN, M.D.,' JULIUS G. PARKER, M.D.,< EDWARD B. 

POLIN, M.D.,' and JAMES I. BERKMAN, M.D,, 1 and 
DAVID SPIRO, MJ5.« 

In 1936, Kimmclstiel and Wilson (29), in a study of eight patients who came 
to autopsy, described a characteristic renal glomerular lesion, which they called 
intercapillary glomerulosclerosis. This was found in association with a previous 
history of diabetes, severe and widespread edema of the nephrotic type, gross 
albuminuria, frequently with hypertension and renal decompensation. In addi- 
tion to the "striking hyaline thickening of the intercapillary connective tissue of 
the glomerulus", they described a deposition of fat with focal areas of doubly 
refracting lipoid in the tubules and in the interstitial tissues of the kidney. It 
was the contention of these authors that this lesion was essentially degenerative 
.in nature. They suggested that arteriosclerosis and diabetes may play a part 
in its causation. 

A changing concept of the significance of the glomerular lesion 

Since this original description, a number of excellent reports have appeared in 
the literature expressing varied opinions concerning the relationship of the his- 
tologic lesion in the glomerulus to diabetes mellitus. 

Originally, the renal lesion was said to be of infrequent occurrence, but later 
reports indicated that intercapillary glomerulosclerosis is not uncommon in 
diabetes. The question of the specificity of the lesion was considered by a num- 
ber of workers. Siegal and Allen (45) found that in a series of one hundred con- 
secutive non-diabetic hypertensives, this lesion occurred but once. Herbut (24) 
emphasized its specificity and stated that it was a reliable criterion in the autopsy 
diagnosis of diabetes. Glomerular lesions of this type have been described by 
Horn and Smetana (25) in many non-diabetic individuals with various renal 
diseases. They noted intercapillary glomerulosclerosis in patients with glomeru- 
lonephritis, generalized arteriolarsclerosis, and arteriolar nephrosclerosis, but 
were forced to the conclusion that extensive degrees of intercapillary glomeru- 
losclerosis were always associated with diabetes. Laipply, Eitzen and Dutra 
(30) have found the specific lesion in 63.7% of 124 patients with diabetes, but 
only 11% had a severe degree of involvement. They also pointed out that some 
degree of intercapillary glomerulosclerosis may be found in patients without 
diabetes, but in association with arterial and arteriolar nephrosclerosis, chronic 
pyelonephritis, and in subacute and chronic glomerulonephritis. Bell (7) de- 

* Presented in patt at a meeting of the New YotU Diabetes Association, May 19, 194S, 
New York Academy of Medicine. 

' From the Medical Division, Montcfioro Hospital, Now York City. 

■ From the Division of Laboratories, MontcGore Hospital, New York City. 
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scribed two types of glomerular lesions characteristic of diabetes, the nodular 
and diffuse. The nodular lesion corresponds with the type described by Kiromel- 
stiel and Wilson (29). Bell (7) concluded that the diffuse form of ‘ 'intercapillary” 
sclerosis, although noted in diabetes, is much more frequent in glomerulonephritis. 
The spherical hyaline lesions were found only in cases of diabetes. 

The clinical syndrome has undergone modification since its original description. 
Anson (4) found that the typical nephrotic syndrome was absent in 4 of 6 patients. 
He concluded that nephrosis does not seem to be an essential clinical feature. 
Newburger and Peters (40), on reviewing 4 of their own eases, together with the 
published case reports of Kimmelstiel and Wilson (29), and Anson (4), found that 
mild diabetes, hypertension, albuminuria and retinal vascular changes were the 
most prominent manifestations. They stated that although nephrotic edema 
was a common finding, edema associated with cardiac failure was present in 25% 
of their cases. This was in general agreement with Porter and Walker’s (43) 
findings. Siegel and Allen (45) found a good correlation of the pathologic lesion 
with the nephrotic syndrome, but this depended chiefly on the severity of the 
glomerular lesion. They felt that the specific renal lesion should be diagnosed 
clinically when the syndrome of hypertension, azotemia, edema and hypopro- 
teinemia and hypercholesterolemia occurs in the diabetic. They pointed out, 
however, that a number of their patients with the specific glomerular lesion 
revealed no evidence of renal damage or hypertension during life. Weiss (50) 
stated that intercapillary glomerulosclerosis assumed clinical interest only if the 
lesions were prominent and diffuse, and only then were they to be associated with 
albuminuria, hypoproteinemia and a tendency to anasarca. 

Goodof (20) stated that the clinical diagnosis of this syndrome was justified 
under these circumstances — in a middle-aged patient with mild or moderately 
severe diabetes, having the disease for six years or more, excreting moderate to 
large amounts of albumin in the urine and without evidence of other renal disease. 

Lefeber and Decherd (31) analyzed seven patients with the specific lesion in 
the glomeruli. In this group, edema was not prominent, occurring in only two 
of their patients, and the cause of the edema was cardiac failure. They stated 
that proteinuria, arteriosclerosis, hypertension, hypoproteinemia m middle-aged 
individuals with mild diabetes, may be associated with intercapillary glomeru- 
W Wnris. but such features have also occurred in persons who fail to show these 
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Millard and Root (37) reported that 14 of their 15 patients with the renal 
lesion proven at autopsy had hypertension and albuminuria. Only 3 however 
developed a nephrotic phase with hypoproteinemia and edema. 

Roscnbusch (44) reported that glomerulosclerosis occurred as a late complica- 
tion among 80 patients whose diabetes began in childhood. In the early stages, 
these patients manifested albuminuria with benign nephrosis, and later malig- 
nant hypertension and retinitis and cataracts. However, many of them at post 
mortem examination, revealed more than one form of kidney disease. 

Dolger (15) recently stated that he believed that this syndrome existed with 
varying degrees of severity in every instance of diabetes mellitus of some dura- 
tion. However, we were unable from his paper to determine the extent of post 
mortem confirmation. Retinopathy usually presaged vascular degeneration. 
50% of his patients had hypertension and albuminuria at the time of the earliest 
retinal hemorrhage. 

Laipply, Eitzen and Dutra (30) were of the opinion. that the specific renal 
lesion was not necessarily associated with hypertension, albuminuria, renal arte- 
rial and arteriolar sclerosis, uremia or the nephrotic syndrome. Further, they 
stated that there was no demonstrable relationship between the degree of develop- 
ment of intercapillnry glomerulosclerosis and the duration and degree of diabetes. 
The nephrotic syndrome occuned in only 5 of their 79 patients with diabetes 
mellitus and a morphologically proven glomerular lesion. This paper was the 
only one which diffeied sharply from the majority of previous reports. Theic are 
insufficient details in their paper to account for this marked discrepancy. 

EXPERIMENTAL PRODUCTION OF DIABETIC GLOMERULOSCLEROSIS 

Lukens and Dolian (35) reported experimental and autopsy observations, over 
a 5 year period, on a dog in whom diabetes was produced by injections of a pitui- 
tary extract. The diabetes was found to be of constant severity after the first 
year. At autopsy, the predominant findings were atrophy of the Islands of 
Langerhans, fatty deposits in the liver, and. glomerular and tubular lesions 
which the authors considered to bo similar to diabetic glomerulosclerosis occurring 
in humans. The glomeruli had small focal hyaline deposits in the capillary wall,- 
but the predominating feature was the striking focal cellular proliferation, most 
conspicuous around the afferent arterioles. No leucocytes or other evidence of 
inflammation were noted. The tubules were the site of extreme patchy, fatty 
infiltration. The type of fat, neutral or doubly refrnctile, was not stated. The 
larger vessels and collecting tubules were not remarkable. No special stains for 
amyloid were performed. The eyes were found to be normal. Lukens and 
Dohan (35) pointed out that this was the first example known to them of “inter- 
capillary glomerulosclerosis” occurring in an animal. They further stated 
that this lesion was distinct from the chronic interstitial nephritis which may 
occur spontaneously in dogs. 

Locb (34) stated that intercapillary glomerculosclerosis had been induced in 
his laboratory in rats made diabetic with alloxan. > * ' , 
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METHODS AND MATERIAL 

The diagnosis of diabetic glomerulosclerosis was clinically suspected in 45 
patients of the Montefiore Hospital, during the period from 1943 to 1948. 
Twenty-two of these patients came to autopsy. 

The diagnosis of diabetes mellitus was made from fasting blood sugar values, 
glycosuria, and in a few cases, by glucose tolerance tests, after adequate prepara- 
tion with high carbohydrate and low fat diets. 

The degree of diabetes was classified into three groups: mild, when the patient 
was controlled with 0—10 units of insulin in a 24 hour period; moderate, when 
the need for insulin was 11 to 30 units; severe, when more than 30 units of 
insulin for 24 hours was required. 

Systolic hypertension was considered to be present if the systolic pressure was 
150 mm. Iig or more. When there was no blood pressure elevation, repeated 
electrocardiograms were taken to determine recent or old myocardial infarction. 
In addition, post mortem weights of the heart over 450 grams in a male , and 
400 grams in a female, were accepted as evidence of pre-existing hypertension. 

The presence of the nephrotic syndrome was based op. the degree and location 
of edema in the absence of cardiac failure, the qualitative and quantitative 
albuminuria, the degree of hypoproteinemia and hypoalbuminemia, the presence 
of doubly retractile lipoid cells or casts in the urinary sediment and the paucity 
of red blood cells, with absent red blood cell and hemoglobin casts in the urine. 

Renal insufficiency with uremia was based on the urea clearance and creatinine 
values. The blood urea nitrogen values were available but care was taken in 
their interpretation since it is known that they also depend, to a great extent, 
upon the degree of hydration, protein intake and extra-renal azotemia associated 
with cardiac failure. Uremic levels were considered to be present when the 
urea clearance was below 30% and creatinine values above 3 mg. %. 

Analysis of the pathologic material is based on the 22 patients who came to 
autopsy. Sections of kidney, liver, spleen, pancreas, adrenals, myocardium 
and lungs were examined. At the time of post mortem examinations, tissues 
were fixed in formalin, and in either Orth’s or Zenker-Formol solutions, the 
original blocks and the Zenker or Orth’s fixed tissues were available in all cases. 
Formalin fixed material was not available in all cases, and hence investigations 
of the distribution of lipoids and of doubly refractile substances were made in 
only a selected group of cases. Organ weights and descriptions were obtained 

from recorded protocols. _ . 

Lesions characteristic of intercapillary glomerulosclerosis were identifiable 
in hematoxylin and eosin stained sections. Special stains including Azan- 
Carmine, Masson, Foot stains for reticulum and Van Gieson stains were used 
when necessary. Frozen sections were stained for amyloid and fat and ex- 
amined unstained for doubly refractile substances. 

ANALYSIS OF CLINICAL MATERIAL 

Although there has been a change in the original concept of diabetic glomerulo- 
sclerosis, the majority of reports favor the association of a mame egr 
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intarcapillary glomerulosclerosis with albuminuria and hypertension, and in a 
number of cases with a fully developed nephrotic syndrome (4, 5, 9, 11, 13, 20, 
21, 23, 29, 38, 40,' *43). It should be pointed out that the causative lesion in 
this nephrotic syndrome appears to be located in the glomerulus. The tubules 
have not received much attention. Some have claimed that they are normal 
or contain variable amounts of fat. In the cases originally described, there was 
striking deposition of fat and doubly retractile lipoid in the tubules and in the 
interstitial tissues (29). 

It has been known for a long time now that the urinary sediment from patients 
with a nephrotic syndrome due either to subacute or chronic glomerulonephritis, 
lipoid nephrosis, renal amyloidosis, thrombosis of the renal viens, or luetic 
nephrosis, will show doubly refractile lipoid droplets (14, 18, 32, 39). Since 
the nephrotic syndrome, partial or complete, has been described with diabetic 
glomerulosclerosis, the urines from all clinically suspected patients in Monte- 
fiore Hospital since the early part of 1943, have been specifically examined for 
the presence oh these doubly refractile lipoids. 

The diagnosis of diabetic glomerulosclerosis has been clinically suspected in 
45 patients during the period from 1943 to 1948. Twenty-two of these patients 
have come to autopsy where the diagnosis has been confirmed in all but one case, 
ft has been possible to demonstrate doubly refractile fatty cells or casts in as- 
lociation with moderate to severe albuminuria in 40 of the 45 clinically diagnosed 
:ases. In the remaining 0 cases, no fatty cells or casts wore noted in the urinary 
3edimcnt, although the clinical picture was characteristic. The typical lesions 
if diabetic glomerulosclerosis, however, were found'in all 5 cases at autopsy. 
Inly one patient in whom the urinary sediment was strongly positive for aniso- 
•opic lipoid on repeated occasions, revealed no evidence of glomerulosclerosis 
i autopsy. The anatomical diagnosis was moderately advanced arterial and 
•teriolar nephrosclerosis. We consider tills case to be our only “false positive”, 
'e shall have more to say about this later on. Our clinical analysis is based 
i the remaining 44 patients. 

Although there have been large groups of cases analyzed in the literature from 
,.topsy protocols, we believe this series to bo the largest one in which the 
agnosis of diabetic glomerulosclerosis was made during life. It should be 
.rther pointed out that by the time the patient has arrived at Montefiore 
hospital, he has usually traveled through the hospital circuit and is frequently 
i an advanced stage of his disease. We feel, therefore, that our particular 

1 ies of patients represent diabetic glomerulosclerosis in its fully developed 

nical state. 

j- A. Age and sex incidence 

^ ,rhe greatest percentage of our cases fell in the 0th and 7th decades of life, 
c youngest patient was 25 years of age. The, oldest patient was 73 years, 
had 3 patients who were in the 3rd decade. Two of these patients are still 
e, and the possibility still exists that the essential lesion here is glomerulone- 
Jtis rather than glomerulosclerosis. The great number of reported patients 
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SCr ^ e t tW0 tyPSS ° f glomerular iesions characteristic of diabetes, the nodular 
and diffuse. The nodular lesion corresponds with the type described by Kimmel- 
stiel and Wilson (29) . Bell (7) concluded that the diffuse form of “intercapillary” 
sclerosis, although noted in diabetes, is much more frequent in glomerulonephritis. 
The spherical hyaline lesions were found only in cases of diabetes. 

The clinical s3mdrome has undergone modification since its original description. 
Anson (4) found that the typical nephrotic syndrome was absent in 4 of 6 patients. 
He concluded that nephrosis does not seem to be an essential clinical feature. 
Newburger and Peters (40), on reviewing 4 of their own cases, together with the 
published case reports of Kimmelstiel and Wilson (29), and Anson (4), found that 
mild diabetes, hypertension, albuminuria and retinal vascular changes were the 
most prominent manifestations. They stated that although nephrotic edema 
was a common finding, edema associated with cardiac failure was present in 25% 
of their cases. This was in general agreement with Porter and Walker’s (43) 
findings. Siegel and Allen (45) found a good correlation of the pathologic lesion 
with the nephrotic syndrome, but this depended chiefly on the severity of the 
glomerular lesion. They felt that the specific renal lesion should be diagnosed 
clinically when the syndrome of hypertension, azotemia, edema and hypopro- 
teinemia' and hypercholesterolemia occurs in the diabetic. They pointed out, 
however, that a number of their patients with the specific glomerular lesion 
revealed no evidence of renal damage or hypertension during life. Weiss (50) 
stated that intercapillary glomerulosclerosis assumed clinical interest only if the 
lesions were prominent and diffuse, and only then were they to be associated with 
albuminuria, hypoproteinemia and a tendency to anasarca. 

Goodof (20) stated that the clinical diagnosis of this syndrome was justified 
under these circumstances — in a middle-aged patient with mild or moderately 
severe diabetes, having the disease for six years or more, excreting moderate to 
large amounts of albumin in the urine and without evidence of other renal disease. 

Lefeber and Decherd (31) analyzed seven patients with the specific lesion in 
the glomeruli. In this group, edema was not prominent, occurring in only two 
of their patients, and the cause of the edema was cardiac failure. They stated 
that proteinuria, arteriosclerosis, hypertension, hypoproteinemia in middle-aged 
individuals with mild diabetes, may be associated with intercapillary glomeru- 
losclerosis, but such features have also occurred in persons who fail to show these 
morphologic features in their kidneys at autopsy. They made the point that 
many diabetic patients proven to have the glomerular lesion at autopsy, including 
some with the advanced changes, presented no characteristic clinical signs to 
differentiate them from diabetic patients without the specific renal lesion. 

Henderson, Sprague and Wagener (23) felt that the diagnosis of intercapillary 
glomerulosclerosis could not be established with complete certainty during life, 
but should be strongly suspected in patients who have diabetes mellitus of long 
standing, associated with albuminuria, hypertension, renal insufficiency , mixe 
vascular and diabetic retinopathy. In rare instances, they found the condition 
associated with only diabetes and albuminuria. They emphasized the frequent 
association of the combined retinopathy with the glomerular lesion. 
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intorcapillary glomerulosclerosis with album'muria and hypertension, and in a 
number of cases with a fully developed nephrotic syndrome (4, 5, 9, 11, 13, 20, 
21, 23, 29, 38, 40, 43). It should be pointed out that the causative lesion in 
this nephrotic syndrome appears to be located in the glomerulus. The tubules 
have not received much attention. Some have claimed that they are normal 
or contain variable amounts of fat. In the cases originally described, there was 
striking deposition of fat and doubly retractile lipoid in the tubules and in the 
interstitial tissues (29). 

It has been known for a long time now that the urinary sediment from patients 
with a nephrotic syndrome due either to subacute or chronic glomerulonephritis, 
lipoid nephrosis, renal amyloidosis, thrombosis of the renal viens, or luetic 
nephrosis, will show doubly rcfractile lipoid droplets (14, 18, 32, 39). Since 
the nephrotic syndrome, partial or complete, has been described with diabetic 
glomerulosclerosis, the urines from all clinically suspected patients in Monte- 
fiore Hospital since the early part of 1943, have been specifically examined for 
the presence of these doubly retractile lipoids. 

The diagnosis of diabetic glomerulosclerosis lias been clinically suspected in 
45 patients during the period from 1943 to 1948. Twenty-two of these patients 
have come to autopsy where the diagnosis has been confirmed in all but one case. 
It has been possible to demonstrate doubly rcfractile fatty cells or casts in as- 
sociation with moderate to severe albuminuria in 40 of the 45 clinically diagnosed 
cases. In the remaining 5 cases, no fatty cells or casts were noted in the urinary 
sediment, although the clinical picture was characteristic. The typical lesions 
of diabetic glomerulosclerosis, however, were found in all 5 cases at autopsy. 
Only one patient in whom the urinary sediment was strongly positive for aniso- 
tropic lipoid on repeated occasions, revealed no evidence of glomerulosclerosis 
at autopsy. The anatomical diagnosis was moderately advanced arterial and 
arteriolar nephrosclerosis. We consider this case to be our only “false positive”. 
We shall have more to say about this later on. Our clinical analysis is based 
on the remaining 44 patients. 

Although there have been large groups of cases analyzed in the literature from 
autopsy protocols, we believe this series to be the largest one in which the 
diagnosis of diabetic glomerulosclerosis was made during life. It should be 
further pointed out that by the time the patient has arrived at Montefioro 
Hospital, he has usually traveled through the hospital circuit and is frequently 
in an advanced stage of his disease. We feel, therefore, that our particular 
series of patients represent diabetic glomerulosclerosis in its fully developed 
clinical state. 


A. Age and sex incidence 

The greatest percentage of our cases fell in the 0th and 7th decades of life. 
Our youngest patient was 25 years of age. The oldest patient was 73 years." 
We had 3 patients who were in the 3rd decade. Two of these patients are still 
alive, and the possibility still exists that the essential lesion here is glomerulone- 
phritis rather than glomerulosclerosis. The great number of reported patients 
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were also in the 6th and 7th decades. Laipply, Eitzen and Dutra (30) reported 
the youngest patient to date, a young girl, 16 years of age, with a clinical course 
which was characteristic of juvenile diabetes. At post mortem examination, 
typical lesions of glomerulosclerosis were noted. The case is particularly im- 
portant since the glomerulosclerosis was not associated with renal arteriolar- 
sclerosis. 

In our material, females showed a somewhat greater incidence than males. 
It should be noted that, in Massachusetts, Joslin (27, 28) found, in the years 
between 1933 and 1938, a preponderance of females in diabetics in the 6th and 


TABLE 1 

Duration of known diabetes 


NO. OP YEARS 

NO. 

PER CENT 

1-5 ! 

7 

16.1 

6-10 

9 

18.4 

11-15 

16 

37.9 

16-20 

8 

18.4 

20 or more 

0 

0 

No known history 

4 

9.2 


TABLE 2 
Intensity of diabetes 



NO. 

PER CENT 

Mild 

12 

27.6 

Moderate 

26 

58.6 

Sp.Vfirfi 

6 

13.8 


1 



7th decades. The majority of the reports were in good agreement with our 
figures. 

B. Duration of known diabetes 

It was not possible to state categorically any correlation between the duration 
of known diabetes and the onset of the specific glomerular lesion (table 1). 
There was an almost equal percentage of cases with a known duration of diabetes 
varying from 6 to 10 years and 16 to 20 years respectively. A somewhat smaller 
percentage (16.1%) had a known duration of diabetes from 1 to 5 years. In 
four of our patients, there was no known history of diabetes and the diagnosis 
was established only after intercapillary glomerulosclerosis was suspected. 

C. Intensity of diabetes 

Thirty-eight of our patients could be classified as having either mild or moder- 
ately severe diabetes (table 2). Twelve patients in this group required no 
insulin at any time. The remaining 26 patients never required more than 30 
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units of insulin. Only 0 of our pateints needed more than 30 units of insulin. 
The 3 patients who required the greatest amount of insulin for adequate control 
were in the third decade of life. All the existing reports, with the exception of 
Laipply, stress, as we do, the mild character of the diabetes. 

It was not possible in our series to correlate with any degree of accuracy the 
type of insulin and the length of time that insulin was used with the course of 
diabetes and the development of glomerulosclerosis. 

D. Diagnosis of diabetes 

The diagnosis of diabetes was established in 40 of our patients by a previous 
history of elevated fasting blood sugar and glycosuria. In one patient with no 
previous history of diabetes, an elevated fasting blood sugar and glycosuria 
were noted for the first time during his hospital stay. In the remaining three 
of our patients, there was no history of diabetes prior to present hospital admis- 
sion. The diabetes was of such mild nature that it was necessary to perform 
glucose tolerance tests to confirm this diagnosis definitely. It should be pointed 
out that the presence of severe albuminuria and the finding of doubly refractile 
lipoid cells in the urinary sediment in 2 of these cases were our first clues that 
the patient had diabetes. 

E. Associated complications of diabetes 

Only 3 of our patients gave a history of diabetic coma at any time during the 
course of their illness. The complications of diabetes included cataracts, 
peripheral neuropathies and peripheral vascular disease. Cataracts and vitreous 
opacities were noted in 19.2% and peripheral vascular diseases wore noted in 
31.2% of our series of patients. 


F. Hypertension 

Ninety-five per cent of the patients in our series hod a systolic hypertension 
and 90% revealed a diastolic hypertension. In one patient, the blood pressure 
could not be ascertained because of obliteration of the pulses in the extremities 
due to severe arteriosclerosis. In 4 patients with diastolic levels below 90 mm. 
Hg, there was a history and electrocardiographic evidence of recent myocardial 
infarction. Two of these 4 patients had a systolic level below 150 mm. Hg. 

The duration of hypertension prior to hospital admission was determined 
from the history given by the patient together with all obtainable past medical 
records (table 3). Twenty-four of the patients had hypertension existing for 5 
years or less. Twenty-five patients developed hypertension following the known 
onset of diabetes. This varied, however, from 1 to 20 years. In 3 of the pa- 
tients, it appeared that the onset of known diabetes and known hypertension was 
coincidental. An additional 3 patients revealed hypertension existing prior to 
the discovery of diabetes. In these patients there was no history or clinical 
evidence of a primary renal disease. It must be realized, however, that the 
diabetes in these cases was so mild and clinically quiescent that the disease may 
have existed long before its actual discovery. 
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were also in the 6th and 7th decades. Laipply, Eitzen and Dutra (30) reported 
the youngest patient to date, a young girl, 16 years of age, with a clinical course 
which was characteristic of juvenile diabetes. At post mortem examination, 
typical lesions of glomerulosclerosis were noted. The case is particularly im- 
portant since the glomerulosclerosis was not associated with renal arteriolar- 
sclerosis. 

In our material, females showed a somewhat greater incidence than males. 
It should be noted that, in Massachusetts, Joslin (27, 28) found, in the years 
between 1933 and 1938, a preponderance of females in diabetics in the 6th and 


TABLE 1 


Duration of known diabetes 


no. or years 

NO. 

PER CENT 

i-5 : 

7 

16.1 

6-10 1 

9 

18.4 

11-15 

16 

37.9 

16-20 

8 

18.4 

20 or more 

0 

0 

No known history 

4 

9.2 


TABLE 2 



Intensity of diabetes 



Mild 

Moderate 
Severe . . . 


NO. 


FEU CENT 


12 

26 

6 


27.6 

58.6 
13.8 


7th decades. The majority of the reports were in good agreement with our 
figures. 

B. Duration of known diabetes 

It was not possible to state categorically any correlation between the duration 
of known diabetes and the onset of the specific glomerular lesion (table 1). 
There was an almost equal percentage of cases with a known duration of diabetes 
varying from 6 to 10 years and 16 to 20 years respectively. A somewhat smaller 
percentage (16.1%) had a known duration of diabetes from 1 to 5 years. In 
four of our patients, there was no known history of diabetes and the diagnosis 
was established only after intercapillary glomerulosclerosis was suspected. 

C. Intensity of diabetes 

Thirty-eight of our patients could be classified as having either mild or moder- 
ately severe diabetes (table 2). Twelve patients in this group required no 
insulin at any time. The remaining 26 patients never required more than 30 
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units of insulin. Only G of our pateints needed more than 30 units of insulin. 
The 3 patients who required the greatest amount of insulin for adequate control 
were in tho third decade of life. All the existing reports, with the exception of 
Lnipply, stress, as we do, the mild character of the diabetes. 

It was not possible in our series to correlate with any degree of accuracy the 
type of insulin and the length of time that insulin was used with the course of 
diabetes and the development of glomerulosclerosis. 

D. Diagnosis of diabetes 

The diagnosis of diabetes was established in 40 of our patients by a previous 
history of elevated fasting blood sugar and glycosuria. In one patient with no 
previous history of diabetes, an elevated fasting blood sugar and glycosuria 
were noted for the first time during his hospital stay. In the remaining three 
of our patients, there was no history of diabetes prior to present hospital admis- 
sion. The diabetes was of such mild nature that it was necessary to perform 
glucose tolerance tests to confirm this diagnosis definitely. It should be pointed 
out that the presence of severe albuminuria and the finding of doubly refractile 
lipoid cells in the urinary sediment in 2 of these cases were our first clues that 
the patient had diabetes. 

E. Associated complications of diabetes 

Only 3 of our patients gave a history of diabetic coma at any time during the 
course of their illness. The complications of diabetes included cataracts, 
peripheral neuropathies and peripheral vascular disease. Cataracts and vitreous 
opacities were noted in 19.2% and peripheral vascular diseases were noted in 
31.2% of our series of patients. 


F. Hypertension 

Ninety-five per cent of the patients in our series had a systolic hypertension 
and 90% revealed a diastolic hypertension. In one patient, the blood pressure 
could not be ascertained because of obliteration of the pulses in the extremities 
due to severe arteriosclerosis. In 4 patients with diastolic levels below 90 mm. 
Hg, there was a history and electrocardiographic evidence of recent myocardial 
infarction. Two of these 4 patients had a systolic level below 150 mm. Hg. 

Tho duration of hypertension prior to hospital admission was determined 
from the history given by the patient together with all obtainable past medical 
records (table 3). Twenty-four of the patients had hypertension existing for 5 
years or less. Twenty-five patients developed hypertension following the known 
onset of diabetes. This varied, however, from 1 to 20 years. In 3 of the pa- 
tients, it appeared that the onset of known diabetes and known hypertension was 
coincidental. An additional 3 patients revealed hypertension existing prior to 
the discovery of diabetes. In these patients there was no history or clinical 
evidence of a primary renal disease. It must be realized, however, that the 
diabetes in these cases was so mild and clinically quiescent that the disease may 
have existed long before its actual discovery. 
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G. Fundoscopic findings 

It became immediately apparent (table 4) that 30 of our patients presented a 
combined hypertensive and diabetic retinopathy, in which hemorrhages and 
both yellow and white exudates were present. The hemorrhages varied some~ 

TABLE 3 


Relation of onset of hypertension to onset of diabetes 


YEARS 

NO. 

j PER CENT 

Prior to onset of diabetes 

0-5 

1 

3 

I 6.9 

6-10 

0 

I 0 

11-15 

0 

0 

16-20 

0 1 

0 

Coincidental 

‘ 3 j 

6.9 


Following onset of diabetes 


0-5 

1 

! 9 

20.7 

6-10 

3 

6.9 

11-15 

12 

29.9 

16-20 

1 

2.3 

Unknown 

13 

26.4 


TABLE 4 
Fundi 


1. Diabetic retinopathy, hemorrhages only 

2. Diabetic retinopathy, hemorrhages and exudates 

3. Hypertensive retinopathy 

Grade 1 

2 

3 

4. Diabetic and hypertensive retinopathy, hemorrhages only . 

5. Diabetic and hypertensive retinopathy, hemorrhages and 

exudates 

6. Retinitis proliferans 

7. Fundus not visualized' 

8. Unknown 

9. Normal 


NO. 


PEE CENT 


0 

5 


0 

11.5 


1 

1 

0 

0 


2.3 

2.3 

0 

0 


30 

1 

4 

1 

1 


67.8 

2.3 

9.2 

2.3 
2.3 


what in appearance. In many cases, they were typically superficial or flame- 
shaped; in others, they were deep, punctate, round or oval and discrete. Fre- 
quently, these two types were seen in the same fundus. The yellow exudates 
were the typical lipoid appearing masses seen in diabetes. It should be noted 
that 11.5% of our patients revealed no evidence of hypertensive retinopathy 
and the fundi revealed only a diabetic retinopathy with hemorrhages and exu- 
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dates. Two patients had a mild hypertensive retinopathy with no change 
suggestive of diabetes. It was impossible to visualize the fundus in 4 cases 
because of lenticular or vitreous changes or retinitis proliferans. One patient, 
age 52, presented a completely normal fundus. 

H. Edema 

Thirty-nine of the 44 patients presented themselves with varying degrees of 
edema. Of this group, 28 were in congestive heart failure. The remaining 11 
patients with edema gave no clinical evidence in the past, or during the present 
hospital admission, of cardiac failure. The edema in these 11 patients was 
chiefly confined to the lower part of the body involving the legs, thighs, scrotum 
and abdominal wall. Two of these 11 patients, in the 3rd decade of life, re- 
vealed facial edema, chiefly of the upper lids. None in this group without heart 
failure showed clinical evidence of pleural, pericardial, or peritoneal effusions. 
It should be remembered, however, that all of these patients were on the Monte- 
fiore Hospital diet which contains only 1.2 gms. of salt per day. Total plasma 
proteins, albumin and globulin levels were determined in 9 of these II patients, 
having edema uncomplicated by heart failure. Only 3 of these patients pre- 
sented albumin levels below 2.5 gms. %. These 3 patients were the only ones 
in the entire group who manifested a marked degree of generalized edema. 
Total protein content in a 24 hour urine output was also known in these 9 pa- 
tients. The proteinuria varied from 4 to 13 gms. per 24 hours. Estimations 
were carried out at least twice on each of these patients. No correlation could 
be drawn in this group of 11 patients, between the total plasma protein, albumin 
levels and 24 hour urinary proteins. 

In an attempt to determine whether there was a coexistence of nephrotic 
edema, and edema associated with cardiac failure, plasma albumin levels and 
the degree of proteinuria were also analyzed in the 28 patients with known con- 
gestive heart failure. Six of these 28 patients revealed plasma albumin levels 
below 3 gms. %. Five of these 28 patients excreted as much as 19 to 20 gms. of 
protein in 24 hours. These were among the highest values obtained in the 
entire series. Again there was no correlation between the high urinary protein 
content and the plasma albumin level. For example, one patient spilled between 
18 to 20 gms. of protein in 24 hours, estimated on 3 different occasions, but had 
plasma albumin levels varying between 3.4 and 3.0 gms. %. 

I. Urinary sediment 

We have studied the urinary sediments in all our patients with special refer- 
ence to the presence of doubly rcfractile lipoid cells or casts. As previously 
stated, they were found in 39 of our group of 44 patients. A review of the 
existing literature on diabetic glomerulosclerosis indicates that in only one paper 
by Derow, Altseliule and Schlesinger (13), was any mention made of this im- 
portant urinary finding. 

Munk (39), in 1913, first described the presence of these doubly refractile 
lipoid cells or casts in the urinary sediments of patients with lipoid nephrosis. 
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Leiter (32) stated that these doubly retractile lipoid bodies are usually present 
in the urine during the edematous oliguric stages of lipoid nephrosis. These 
cellular elements have also been found in glomerulonephritis, renal amyloidosis, 
luetic nephrosis, thrombosis of the renal veins, and occasionally in periarteritis 
nodosa and visceral lupus erythematosus (14, 18, 32, 39). 

These fatty droplets are usually present in epithelial cells, occasionally in 
white blood cells, and are frequently in the form of casts. Viewed in the ordi- 
nary light, under the low power objective, they present a yellow black appearance. 
They vary in size and shape, but more frequently are round to oval. In polarized 
light with crossed planes, they present a typical and easily recognizable appear- 
ance. The polarized light is produced either by means of crossed Nicol prisms 
or more simply by inserting one piece of thin Polaroid film into the eyepiece 
and another piece into the condenser of an ordinary microscope. The eye piece 
is rotated until crossing of the planes of polarized light produces a dark back- 
ground. In this field the fatty cells and casts are seen to contain bright, achro- 
matic Maltese crosses with dark crosslines. The axes of these crosslines rotate 
when one rotates the polaroid strips or Nicol prisms (see fig. 4). 

The amount of these doubly refracting lipoid elements varies from day to 
day. They may be seen in every field in some sediments, while in other sedi- 
ments only the most careful and persistent search reveals fatty cells or casts. 
It is important to differentiate the anisotropic lipoid droplets from ordinary 
neutral fat which may be found in a great number of conditions including simple 
fattj r infiltration and degeneration of the kidney. Neutral fat droplets stain a 
deep orange with Sudan III or IV in contrast to the faint yellowish staining of 
anisotropic fat droplets. In a number of urinary sediments examined, it was 
possible to show the admixture of neutral and anisotropic lipoid fat in the same 
cell or cast. It is significant that the anisotropic fatty cells have been found 
chiefly in fresh acid urine. They are poorly preserved and difficult to find in 
alkaline urine. 

Another important feature of the urinary sediments of our patients was the 
paucity of red blood cells. In 58% of our cases, no red blood cells were found, 
and in 42% no more than 1 to 5 red blood cells per high power field were noted. 
There was never any evidence of hemoglobin casts, while hyaline and granular 
casts were found in variable numbers. 

Analysis reveals that of the 44 patients in whom a clinical diagnosis of diabetic 
glomerulosclerosis was made, only 5 patients had no lipoid elements present in 
the urinary sediments. In one of these patients, the urine was persistently 
alkaline. In another patient with negative urinary findings, only one urine 
was examined. In the remaining 3 patients, many examinations of 12 hour 
urine concentrates failed to reveal doubly refractile lipoid cells or casts. At 
autopsj’- the lesions typical of intercapillary glomerulosclerosis were found in 
all 5 of these patients. 

Before the presence of doubly refractile lipoid elements could be established 
as important in the differential diagnosis of intercapillary glomerulosclerosis, a 
control study was indicated on urinary sediments from patients with hyperten- 
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sive cardioienal disease, generalized arteriosclerosis, urinary tract infection, all 
of which aie frequently associated with diabetes mellitus. We have made such a 
sinvey on patients in the same age group as those having diabetic glomeiulo- 
sclciosis. 

The method was as follows: 12 lioui urinary concentrates were examined; 
the urines were always acid in reaction; the specimens were centrifuged twice 
for 10 minute periods each; 25 low power fields were examined; a polarizing 
light was used to further confirm the presence of anisotropic fatty cells or casts; 
Sudan III stains were utilized to demonstrate neutral fat. The tentative clinical 
diagnosis was unknown to the observer. 


CHART I 


1 

MATERIAL 

no or | 

PA- 

TIENTS 

ALBUMIN 

NO OP CASES 
PRESENTING DOOBLV 
RETRACTILE PATTY 
CELLS OR CASTS 

IN TOE tJRtNT 

Generalized arteriosclerosis 

IS 

0-trace 

0 

Generalized arteriosclerosis and diabetes 

12 

0-tracc 

0 

Hypertensive renal vascular disease 

30 

0-1 plus 

0 

Hypertensive renal vascular disease and diabetes 

10 

0-1 plus 

0 

Urinary tract infections (positive urine cultures). 

10 

1 plU8-2 plUB 

0 

Kimmclsteil-Wdson syndromo 

10 

■i plus 

10 

Carcinoma of prostate* 

3 

0-tracc 

0 

Carcinoma of urinary bladder 

I 

0 

0 

Hypernephroma 

2 

0 

0 

Malignant hypertension 

Glomerulonephritis 

2 

1 plus 

0 

Subacute 

1 

4 plus 

1 

Chronic ' 

| 4 

1 p1ub- 2 plus 

1 2 

Diffuse vascular disonso 

1 9 

1 plus-2 plus 

0 

Multiple myeloma 

4 

2 plus-4 plus 

0 

Amyloidosis (1 with nephrotic syndromo) 

3 

4 plus 

1 

Streptomycin therapy (2-0 months duration) * . 
Leukemia (with renal infiltration proved at au- 

20 

0 

0 

topsy) 

3 

0 

0 


* Two of these patients revealed neutral fat in the urinary sediment 


From Chart I, it can be seen that none of the 70 patients with generalized 
aiteriosclerosis and hypertensive renal vascular disease, with or without diabetes, 
had doubly refractilo fatty cells or casts in their urinary sediments. In addition, 
the albuminuria in these patients rarely exceeded 1 plus. In various other condi- 
tions, such as urinary tract infections, malignant hypertension, hypernephroma, 
multiple myeloma, leukemia with renal infiltrates (proved at autopsy) and diffuse 
vascular disease, no anisotiopic fatty cells were noted in the urinary sediment. 
Because of some reports in the literature, which stated that fatty degeneration 
of the kidney may occur following streptomycin therapy, we have examined 20 
urinary sediments from patients who received streptomycin during a period of 2 
to G months. These have all been negative for doubly lefractile and neutral 
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CHART II 

Relationship of edema, plasma proteins, proteinuria in the entire series of patients with 
diabetic glomerulosclerosis, with and without cardiac failure 


PATIENT 

EDEMA 

TOTAL PROTEIN 

PLASMA 

ALBUMIN LEVEL 

PROTEINURIA 

CONGESTIVE 
HEART FAILURE. 
+ OR 0 

H. R 

3 plus 

gms./lOO cc. 

5.4 

gms./ltC cc. 

2.7 


+ 

F. L 

3 plus 

7.0 

4.5 

1 plus 

+ 

L. M 

2 plus 

6.0 

2.9 

2.95 

+ 

R. M 

3 plus 

6.4 

4.2 

2 plus 

+ 

F. K 

2 plus 

6.4 

4.4 

2.5 

+ 

R. II 

2 plus 

5.8 

2.7 

8.3 

+ 

S. G 

1 plus 

6.1 

4.4 

4.9 

+ 

N. S 

1 plus 

6.8 

3.4 

4 plus 

4" 

L. G 


6.6 

3.9 

4.45 

+ 

L. R 

4 plus 

5.9 

3.9 

1.9 

+ 

I. C 


6.4 

4.5 

trace 

0 

F. D 

4 plus 

— 

— 

4 plus 

+ 

M. R 

2 plus 

5.7 

2.4 

22.2 

+ 

S. S 

2 plus 

5.5 

3.3 

3.69 

+ 

M. It 

1 plus 

5.2 

2.9 

3.59 

0 

A. C 

2 plus 

5.9 

3.6 

19.6 

+ 

Y. F 

2 plus 

6.1 

3.4 

3.1 

+ 

B. H 

2 plus 

5.5 

3.5 

4.2 

0 

J. F 

1 plus 

5.2 

3.1 

4 plus 

0 

D. R... 

1 plus 

— 

— 

4.5 

+ 

R. K 

4 plus 

4.9 

2.6 

4 plus 

+ 

S. M 

1 plus 

7.2 

5.1 

7.89 

0 

L. S 

2 plus 

7.5 

3.4 

1.3 

0 

S. M 


— 

— 

3 plus 

0 

C. H 

1 plus 

6.7 

3.9 

8.4 

0 

E. F 

3 plus 

— 

— 

4 plus 

0 

F. W 

3 plus 

7.0 

4.8 

trace 

+ 

I. L 

4 plus 

6.6 

3.9 

2.36 

+ 

B. D 

1 plus 

— 

— 

3 plus 

0 

D. B 

3 plus 

7.2 

4.1 

4 plus 

+ 

W. B 

2 plus 

5.6 

3.2 

4 plus 

+ 

I. Y 

1 plus 

6.5 

3.5 

8.5 

+ 

0. S 

1 plus 

4.5 

2.19 

4 plus 

+ 

s. s 

2 plus 

6.1 

4.1 

4 plus 

+ 

R. S 

3 plus 

3.1 

2.1 

8.0 

0 

S. C 

2 plus 

— 

— 

3 plus 

0 

L. R 

3 plus 

5.6 

3.5 

4 plus 

+ 

M. T 

2 plus 

— 

— 

4 plus 

+ 

H. F 

hubi 

6.6 

4.6 

4 plus 

+ 

H. N 

BFH 

6.5 

3.9 

0.73 

+ 

A. P 

1 plus 

6.0 

3.5 

2.46 

+ 

S. F 

3 plus 

4.2 

2.4 

6.54 

0 

S. C 


5.9 

3.3 

2 plus 

0 

J. K 

3 plus 

5.8 

3.3 

4 plus 

+ 








CHART III 


A clinico-palhologic correlation of the twenty-one patients who came to autopsy 


PATIENT 

SEVERITY OT 
DIABETES 

INTENSITY or 
HYITRTENStON 

lUNDt 

PLASMA 1 
AID tan 'J 

froteinuria 

hgb 

m. n.. 

mild 

230/110 

D&H* 

gms / 100 cc. 
2.4 1 

gms /24 hrs 

22.2 

IMS / 103 cc 

7.5 

L. M. - 

moderate 

205/110 

D&H 

2.9 

2.95 

8 0 

N. S. 

moderate 


D&H 

3.4 

4 + 

0.5 

I. C. 

mild 

170/105 

D&H 

4.5 

trace 

11.5 

II. R. 

i moderate 

181/00 

D&H 

2.7 

13.5 

10.0 

r. k. 

moderate 

1G0/10S 

D&H 

4 4 

2.5 

10.5 

L. G. 

moderate 

245/120 

D&n 


4.5 

12.0 

n. h. 

mild 

150/70 

Cataract 1 

2.7 

4 + 

8.9 

R M. 

moderate 

' ■ 

D&H 

4.2 

2+ 

14.5 

F. D. 

mild 

BIiivkk 

Dt 

— 

4+ 

14.0 

F. h. 

moderate 

120/60 

Not visualized 

4.5 

trace-14* : 

1.5 

L. R. 

moderate ' 

230/140 

D&H 

3.9 

1.90 

7.5 

s. s. 

mild 

230/124 

D&H 

3.3 

3.09 

9.0 

S. G. 

severe 

210/110 1 

D&H 

4.4 

4.36 

6 8 

M. T. 

moderate 

200/90 

D&H 

— 

1 4 + 

11.5 

H. F. 

moderate 

185/90 

D&H 

4.6 

4 + 

11.7 

H. N. 

mild 

210/110 

D&H 

3.9 

0.73 

10.0 

A. P. . 

moderate 

210/110 

D&H 

3.5 

2.40 

10.5 

J. K. 

severe 

250/180 

D&II 

! 3.3 

7.0 

9.0 

S F. 

severe 

100/00 

D&H 

2.4 

0.54 

9.0 

s. c. 

moderate 

180/8S 

D&H 

3.3 

2+ 

10.0 


* Diabetic and hypertensive retinopathy, 
t Diabetic retinopathy. 


PATIENT 

BLOOD 

CREA- 

TININE 

CARDIAC 

FAILURE 

CAUSE or DEATH 

STATE OF NUTRITION 

HEART 

WEictrr 

M. It. 

2 9 

+ 

Uremia 

well nourished 

490 

L. M. 

4.9 

+ 

Uremia 

well nourished 

530 

N S 

9.8 

+ 

Uremia 

well nourished 

450 

I. C. 

“ 

0 

Acute heart failure following 
coronary occlusion 

obese 

680 

H. R. 

— 

+ 

Uremia 

well nourished 

4S0 

F. K. 

3.5 

+ 

Cardiac failure 1 

obese 

470 

L G 

| 6.4 

+ 

Uremia 

poorly nourished 

550 

R.H. 

| 1.0 

4- 

Cardiac failure 

poorly nourished 

400 

R.M. 


+ 

Cardiac failure 

obese 

410 

F. D. 

3.2 

4“ 

Cardiac failure 

obeso 

500 

F. L. 

— : 

+ 

Cardiac failure 

| markedly obese 

420 

L. R 

9.5 

+ 

Uremia 

i well nourished 

560 

S. S 

4 2 ! 

4* 

Cardiac failure and renal insuf- 
ficiency 

obese 

45S 

S. G. 

13.0 

+ 

Uremia 

obese 

500 

M. T. . 

3.1 

+ 

Bronchopneumonia 

well nounshed 

400 

H. F. 

— 

+ 

CA. of rectum 

obese 

700 

H.N. 

— 

+ 

Cardiac failure 

poorly nourished 

200 

A.P. 

3.3 

+ 

Uremia 

poorly nourished 

350 

J.K. 

8.4 

+ 

Uremia 

well nourished 

410 

S. F. . . 

1.8 

0 1 

Myocardial infarct 

poorly nourished 

400 

S. C. ... 

3.3 

0 

Multiple myeloma 

poorly nourished 

290 
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CHART III — Continued 


PATIENT 

MYOCARDIAL INFARCTION 

WEIGHT OF 
KIDNEYS 

DEGREE OF IN- 
TERCAPILLARY 
GLOMERULO- 
SCLEROSIS 

DEGREE OF 
CHANGE IN 

arterioles 

Rt. 

Lt. 

M. R 

posterior wall, old 

tm 

185 

3+ 

3+ 

L. M 

0 

Bpl 

180 

3+ 

3+ 

N. S 

0 

£ 

220 

2+ 

3+ 

I. C 

multiple, old & recent 

250 

250 

2+ 

1+ 

H. R 

0 

110 

150 

1 + 

3+ 

F. K 

anterior wall, old 

135 

130 

2+ 

3+ 

L. G 

recent, posterior wall 

80 

90 

3+ 

3+ 

R. H 

posterior wall, old 

130 

120 

3+ 

3+ 

R. M 

multiple, old and recent 

250 

240 

1+ 

1+ 

F. D 

0 

180 

200 

1+ 

3+ 

F. L 

posterior wall, septal, old 

170 

150 

1+ 

3+ 

L. R 

0 

245 

250 

3+ 

3+ 

S. S 

0 

280 

265 

3+ 

3+ 

S. G 

0 

260 

250 

3+ 

3+ 


0 

100 

95 

3+ 

3+ 

H. F 

old and recent infarcts 

200 

220 

2+ 

3+ 

H. N 

multiple old infarcts 

80 

90 

1+ 

3+ 

A. P 

scar I.V. septum 

90 

110 

3+ 

3+ 

J. K 

0 

140 

160 

3+ 

3+ 

S. F 

0 

180 

170 

1+ 

3+ 

S. C 

0 

200 

190 

2+ 

2+ 


PATIENT 


HYALINIZATION OP ISLETS OP LANGEEHANS 


M. R, 
L. M. 

N. S. 

I. C.. 
F. K. 

L. G. 
R. H. 

R. M 
F. D. 
F. L.. 

' L. R. 

S. S.. 
S. G. 

M. T. 
H. F. 
H. N. 
A. P. 

J. K. 
S. F. 
S. C. 


0 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

0 

0 

0 

0 

0 
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fatty elements. Two of 3 patients with carcinoma of the prostate had neutral fat 
in the urine, hut intensive search failed to reveal anisotropic fatty cells or casts. 
Of 5 patients with glomerulonephritis, 3 had doubly refractile lipoid elements in 
the urine. One of the patients with amyloidosis presented a nephrotic syndrome 
with a typical urinary sediment. In our control urines, except for the patients 
with glomerulonephritis, malignant hypertension, urinary tract infections and 
diffuse vascular disease, red blood colls were rarely found in the urinary sediment. 

,/. Cholesterol levels 

Twenty-four of our patients revealed a total cholesterol level above 250 mgm. 
%. Eleven of these patients had levels which varied between 300 and 500 mgm. 


TABLE S 
Urea clearances 



NO. 

FES CENT 

61% and greater 

2 

4.0 

41-00% 

8 

18.4 

11-40% 

20 

44.8 

0-10% 

3 

0.9 

No mention 

11 

25.3 


TABLE C 

Blood creatinine levels 


MCS./100 CC. 

NO. 

FEB CENT 

0-1.5 

2 

4.6 

1. 0-2.0 

3 

0.9 

2. 1-4.9 

17 

37.9 

5.0 plus 

9 

20.7 

Unknown 

13 

29.9 


%. The highest total cholesterol level obtained was 930 mgm. %, in a patient 
who manifested a marked degree of nephrotic edema and whose plasma albumin 
level was 3.5 gms. %. 


K. Renal function 

Twenty patients had urea clearances below40%and 29 patients revealed crea- 
tinine levels above 1.5 mg. % (tables 5, 6, 7). Renal hemodynamics were studied 
in oneof ourpatients. This patient revealed a glomerular filtration rate reduced 
to 52 cc. per minute and a reduced renal plasma flow of 226 ec. per minute with 
an elevated filtration fraction of 23%. Corcoran, Taylor and Page (12) found 
similar results in their study of 6 patients with intercapillary glomerulosclerosis. 
They noted a reduction in GER, Tmp, FP, and an increase in the ratio RPF/ 
Tmp. The mechanism of the change was apparently similar to that of glo- 
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CHART III — Continued 


PATIENT 

MYOCARDIAL INFARCTION’ 

'WEIGHT OF 
KIDNEYS 

DEGREE OF IN- 
TERCAPILLARY 
GLOMERULO- 
SCLEROSIS 

DEGREE OF 
CIIANGE IN 
ARTERIOLES 

Rt. 

Lt. 

M. R 

posterior wall, old 

190 

185 

34- 

34- 

L. M 

0 


180 

3+ 

34- 

N. S 

0 

■pSI 

220 

24- 

34- 

I. C 

multiple, old & recent 


250 

2+ 

1 + 

H. R 

0 

110 

150 

14- 

34- 

F. K 

anterior wall, old 

135 

130 

24” 

34- 

L. G 

recent, posterior wall 

80 

90 

34- 

34- 

R. H 

posterior wall, old 

130 

120 

34- 

3-f 

R. M 

multiple, old and recent 

250 

240 

14- 

14- 

F. D 

o 

180 

200 

14- 

34- 

F. L 

posterior wall, septal, old 

170 

150 

14- 

34- 

L. R 

0 

245 

250 

34- 

34- 

S. S 

0 

280 

265 

3+ 

34- 

S. G 

0 

260 

250 

34- 

34- 

M. T 

0 

100 

95 

3+ 

34- 

H. F 

old and recent infarcts 

200 

220 

2+ 

34- 

H. N 

multiple old infarcts 

80 

90 

14- 

34- 

A. P 

scar I.V. septum 

90 

110 

34- 

34- 

J. K 

0 

140 

160 

34- 

34- 

S. F 

0 

180 

170 

14- 

34- 

S. C 

0 

200 

190 

24- 

24- 


PATIENT 

HYALINIZATION OF ISLETS OF LANOERHANS 

M. R , 

0 

L. M 


N. S 

0 

I. C 

0 

F. K 

0 

L. G 

0 

R. H 

0 

R. M 

0 

F. D 

0 

F. L 

0 

L. R 

0 

s. S 

0 

s. G 

0 

M. T 

0 

H. F 

4- 

H. N 

0 

A. P. 

0 

J. K 

0 

S. F 

0 

s. C 

0 


..... — — — - 
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futty elements. Two of 3 patients with carcinoma of the prostate had neutral fat 
in the urine, but intensive search failed to reveal anisotropic fatty cells or casts. 
Of 5 patients with glomerulonephritis, 3 had doubly refractile lipoid elements in 
the urine. One of the patients with amyloidosis presented a nephrotic syndrome 
with a typical urinary sediment. In our control urines, except for the patients 
with glomerulonephritis, malignant hypertension, urinary tract infections and 
diffuse vascular disease, red blood cells were rarely found in the urinary sediment. 

J . Cholesterol levels 

Twenty-four of our patients revealed a total cholesterol level above 250 mgm. 
%. Eleven of these patients had levels which varied between 300 and 500 mgm. 


TABLE 6 
Urea clearances 



NO. 

PER CENT 

01% and greater 

2 ! 

4.6 

41-60% 

8 

18.4 

n-40% 

20 

44.8 

6-10% 

3 

6.9 

No mention 

11 

25.3 


TABLE 0 

Blood creatinine levels 


MGS /10Q CC. 

NO. 

PER CENT 

0-1.5 

2 

4.6 

1. 6-2.0 

3 

6.9 

2. 1-4.9 

17 

37.9 

5.0 plus 

9 

20.7 

Unknown 

13 < 

1 

29.9 


%. The highest total cholesterol level obtained was 930 mgm. %, in a patient 
who manifested a marked degree of nephrotic edema and whose plasma albumin 
level was 3.5 gms. %. 


K. Renal function 

Twenty patients had urea clearances below40%and 29 patients revealed crea- 
tinine levels above 1.5 mg. % (tables 5, 6, 7). Renal hemodynamics were studied 
in oneof ourpatients. This patient revealed a glomerular filtration rate reduced 
to 52 ce. per minute and a reduced renal plasma flow of 226 cc. per minute with 
an elevated filtration fraction of 23%. Corcoran, Taylor and Page (12) found 
similar results in their study of 0 patients with intercapillary glomerulosclerosis 

Tmn n °Thi “ re ? UCi : ,0n “c FF ’ and an increase in the ratio RPF/ 

Tmp. The mechanism of the change was apparently similar to that of gio- 
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merulonepliritis. The pattern was one of decreased filtration presumably due 
to lesions of the glomerular capillaries associated with a loss of tubular secretory 
function. In our patient, there was only a mild glomerulosclerosis but extensive 
arteriolar nephrosclerosis. The elevated filtration fraction was probably due to 
the efferent arteriolar constriction. From Page’s data, it is apparent that there 
was a wide range of variation in the filtration rate and renal plasma flows. One 
must consider the effect both of arteriolar and glomerular capillary involvement 
in these cases of diabetic glomerulosclerosis. 

TABLE 7 


Blood urea nitrogen levels 


MGS. /100 CC. 

NO. 

PER CENT 

1-15 

0 

0 

16-30 

13 

29.9 

31-50 i 

9 

20.7 

50 plus 

21 

47.1 

No mention 

1 

2.3 

■ 


TABLE S 


Hemoglobin levels 


AMOUNT 

NO. 

PER CENT 

gtns./100 cc. 

14.1-15 

3 

6.9 

13.1-14 

2 

4.6 

12.1-13 

2 

4.6 

11.1-12 

15 

33.3 

10.1-11 

5 

11.5 

9.1-10 

6 

| • 13.8 

Less than 9.1 

11 

S 

25.3 


L. Anemia 

Twenty-two of our patients had hemoglobin levels below 11 gm. % (table 8). 
Eleven of these patients had a moderately severe anemia as indicated by levels 
below 9 gm. %. Nineteen of these patients had red blood cell counts below 3.5 
million per cc. (table 9). The color indices were calculated and the general 
range varied from 0.9 to 1.1. There were 5 cases with color indices which varied 
from 0.80 to 0.88. The anemia appeared to be definitely related to the degree 
of renal insufficiency, but malnutrition certainly had played a part in the pro- 
duction of the anemia. 


M. Cause of death 

Nine of the 22 patients who came to autopsy died in uremia, seven patients 
in cardiac failure, and 2 patients because of an acute coronary occlusion. One 







1)1 \llln K’ RMtMI'.Kl'MlKCM'.llOM*! 


H.*) 


patient died with etircimmm of the reetum, another l>erause (>r lironchopncu- 
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The pathogenesis of clmin-t ic* glomerulosclerosis is not yet known. The site 
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However, time is no disagreement with regnid to the morphologic pjetuie of 
die lesion in its fully developed stupe. The minute histologic details have heen 
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dence of arterial and arteriolar nephrosclerosis. Henderson and his coworkers 
(23) have stressed the fact that the histologic criteria on which to base a diag- 
nosis of minimal intercapillary glomerulosclerosis are not readily defined. 

theis have described the earliest lesions of intercapillary glomerulosclerosis 
and have differentiated these lesions from the atrophic glomerular changes as- 
sociated with ordinary arteriolar nephrosclerosis and senility. These* have 
been variably described as focal fibrosis or small deeply stained, club-shaped 
masses situated in the midst of diffuse thickening along the axis of the lobule, 
or as focal irregular thickenings in the absence of appreciable generalized cap- 
Haiy basement membrane thickening. 



Fig. 1. The glomerulus in A (left) demonstrates a single typical hyalin ball (X 320). 
Note the severe efferent as well as afferent arteriolosclerosis. Multiple lesions of vaiying 
size are shown in B (right) (X 190) . 


We have arbitrarily graded the specific glomerular lesion in the following 
manner. Intercapillary glomerulosclerosis was regarded as absent when only 
diffuse uniform capillary basement membrane thickening was found without 
irregular focal lesions (fig. 2). Focal thickenings regardless of the number of 
glomeruli involved, together with a rare well developed spherical lesion in any 
one section, was considered slight. Single or multiple fully developed lesions 
involving as many as 60% was designated moderate. When single, but usually 
multiple, unmistakable lesions were found in practically all glomeruli, the in- 
volvement was considered severe. 

We have also estimated the degree of renal arteriolosclerosis. Patchy and 
eccentric hyaline thickening of most of these vessels or the earliest recognizable 
diffuse concentric thickening, with no significant encroachment on the lumen, 
was considered slight. Diffuse concentric arteriolar hyalinization with appieci- 
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able luminal narrowing was graded ns moderate. When there was extensive 
reduction of the lumen, due to massive hyalinizaiion of the aileriolar wall, the 
lesion was called severe. 

The degree and extent of interstitial and focal fibrosis, tubular atrophy and 
dilatation, and aiterial sclerosis of large, medium and small intraronal arteries 
were also graded as slight, moderate or severe. 

The chamcleiistie lesions of intercapillary glomeruloscleiosis were found in 
the kidneys of 21 of the 22 eases. The severity and the degree of accompanying 
renal arteiiolar sclerosis arc shown in table 4. In one ease licit her well developed 



Fig 2. This glomerulus reveals diffuse capillary basement membrane thickening associ- 
ated with arteriolar sclerosis. This was not considered a characteristic diabetic lesion 
(X 320). 


hyaline balls nor even focal thickenings were detectable in any sections stained 
with hematoxylin and eosin and Azan-Caimine. In this case, theie was only a 
modeiate arteriolaiscleiosis with mild diffuse uniform glomeiular capillary 
thickening. Almost every glomerulus was swollen and congested as were the 
interstitial vessels. 

In one patient with multiple myeloma, one or more hyaline balls were found 
in slightly less than 50% of the glomeiuli. In addition, there was a severe 
arteriolar sclerosis. The usual methods failed to confirm or exclude amyloid 
deposition in the spleen, liver and kidney. Ilowcvei, since amyloid deposits 
which aie found in association with multiple myeloma may be atypical, and 
because of the similarity of the lesions of intercapillary glomeiulosclerosis and 
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those of early glomerular amyloid deposits, we were reluctant to rule out the 
latter with certainty. Of perhaps greater significance was the presence of 
tubular lesions which may be found in the kidneys of patients with multiple 
myeloma alone, and generally accepted as specific for so-called “myeloma 
kidney” (26). While these changes are usually associated clinically with severe 
albuminuria, the development of hypertension or edema is exceptional, as is any 
significant glomerular or renal vascular alteration. 

In two cases, one with slight and the other with moderate glomerulosclerosis, 
chronic glomerulonephritis had to be excluded. Study of multiple sections 
revealed few to moderate isolated adhesions between focally fibrosed glomerular 
loops and Bowman's capsule arranged in a patchy distribution. There were no 
active inflammatory or proliferative glomerular lesions. In one patient, despite 
the absence of gross renal contraction, there were numerous completely hyali- 
nized glomeruli with widespread parenchymal atrophy and fibrosis resulting 
from massive vascular sclerosis. In another patient, with a greater number of 
glomerular adhesions, only focal cortical scars without significant alteration of 
the renal architecture, in addition to moderate arteriolar sclerosis were noted. 
The vascular changes of malignant nephrosclerosis were not found, in any of the 
22 cases. There was no evidence in any of the sections from the 22 patients of 
pyelonephritis or necrotizing papillitis. 

Severe atrophy and fibrosis compatible with renal insufficiency were found in 
9 cases, associated with severe arterial and arteriolar nephrosclerosis. The 
discrepancy between the size and gross appearance of the kidneys in many 
instances and the morphologic evidence of extensive loss of functional nephrons 
with compensatory hypertrophy of remaining tubules was a striking feature 
(fig. 3). It is said that the average weight of kidneys is about 15% greater in 
well nourished than in emaciated individuals (6). There was a rough correlation 
between the state of nutrition and kidney weights in our cases; the larger kidneys 
were usually found in obese individuals. 

By utilizing stained and unstained frozen sections of formalin fixed material 
in conjunction with polarized light, doubly refractile lipoid substances were 
found in the tubular epithelium (fig. 4). It has been repeatedly shown that this 
is a non-specific finding, having been reported in many nephropathies (19). 
Deposits of anisotropic lipoid in the tubular epithelium are ordinarily associated 
with a significant thickening of the basement membrane. The appearance of 
anisotropic lipoid droplets in the urines of patients with the nephrotic syndrome, 
but not usually with other renal inflammatory and vascular disease; - has not 
been adequately explained. Munk (39) has noted that these lipoid cells or 
casts do occasionally appear in the urine of patients with very severe “arteriolar 
sclerotic degeneration” of the kidney. 

There is but one case reported (30) in the literature in which specific lesions 
of intercapillary glomerulosclerosis were found in the absence of renal arteriolo- 
sclerosis. The authors considered it , \ imal lesion. Most observers have 

stressed the relationship between ir ' , glomerulosclerosis and arteriolo- 

sclerosis. It was our impression ■ ■ t arterioles were frequently 
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inuihwl in this process, ns pointed out by Allen (3) (tin, 11. In our eases, 
wte glunv'rular changes o( n specific tmture Mote ordinarily nssooiiiteil with 
xnt'tv liyalimzation of renal nrlotioles with or without o\teu~ivo alterations in 
nnilartliitc-ture. However, in some eases only slight degrees of intereajiillury 
cI<imrml(>-"!erosis were associated with severe renal vascular disease. Tht> 
nurs' Wii- li'.s frequently seen. In many instances, the renal vascular disease 
alimr was saHieient to account for the clinical findings. The significance of tin 1 
si[f riinp i-ctl tmii|tie •■p"cifir lesions ftoni a functional point of view is difficult 
to .v-ess. )( appear' obi i nis, however, that mlorioln~elorn-is alone is not 
•’ifiirienl t<i cipiain tin' origin of the diahetie glomeiulur lesion. 



on , 

(lr if 1 .? " '’'"'sidetahle controversy whether intet capillary glomerulosclerosis 
Patin/'f in the pancreatic islets me found with greater frequency in 
'» onl* -V' f tnellitus. We found changes in the Islands of I.niigorhnns 

" Patients whose kidneys showed glomerulosclerosis. 


CMXICO-l>.\TUOI,Oaie ANALYSIS 
-’1. Relation of the renal lesion to the duration of diabetes 

f°r 15 v m ' t *' e 21 Patients in this group who came to autopsy had diabetes 
tio n n j or kmger. No definite correlation could ho made between the dura- 
ki ln ,.. n ,< ' les un d the severity of the glomerular lesion. One patient with a 
'' a 'ients O • " ' pss than one year revealed a 3 plus lesion, while 3 

1 pj |)s . ln K ft known history of diabetes for 3 years or longer revealed only a 
slid, m |j'J f rca P'llary glomerulosclerosis. The diabetes, liowever, may he of 
intensity that the actual duration of the disease is much longer than 
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Pig, 4. Aggregates of anisotropic lipoids outline the renal tubules as viewed with polar- 
ized light in A (top) (X 320). Maltese crosses are not distinct because of clumping ot 
lipoids. Individual Maltese crosses are well seen in B (bottom) (X 190). 
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the known history ns revealed by the patient. Eighteen of the 21 patients 
who came to autopsy revealed a severe degree of arterial and arteriolar nephro- 
sclerosis. Thirteen of the 14 patients having diabetes for 15 years or longer 
were in this category. 

B. Relation of the severity of diabetes to the renal lesion 

In our series, no definite correlation was obtained between the severity of the 
glomerular lesion and the intensity of the diabetes. Three of the 12 patients 
with moderately sovero diabetes revealed a 1 plus glomerulaT lesion, while 
another 5 patients with the same intensity showed a 3 plus intercapillary glo- 
merulosclerosis. Eighteen of the 21 patients showed a 3 plus arterial and arterio- 
lar nephrosclerosis. This included 6 patients with mild diabetes, 10 patients 
with moderately sevore diabetes and 3 patients with severe diabetes. 

C. Relation of hypertension to the renal lesion 

Ten of the 21 patients of our autopsy group having a known systolic and 
diastolic hypertension or a history of diastolic hypertension prior to coronary 
occlusion, showed a 3 plus glomerular lesion, while the other 11 patients presented 
a milder degree of intercapillary glomerulosclerosis. However, 19 of these 21 
patients with hypertension revealed a severe degree of arteriolar nephrosclerosis. 
The remaining 2 patients presented a 1 plus arteriolar nephrosclerosis, but 
there was an accompanying mild or moderate glomerular lesion. Eighteen 
of these patients had hearts weighing 400 grams or more. The 3 patients with 
hearts weighing less than 350 grams were all poorly nourished females. 

D. Relation of albuminuria to the renal lesion 

Seventeen of the 21 patients with varying degrees of intercapillary glomerulo- 
sclerosis revealed a 4 plus albuminuria. This group included 3 patients with a 1 
plus, 4 patients with a 2 plus and 10 patients with a 3 plus glomerular lesion. 
No definite correlation existed between the severity of the intercapillary glo- 
merulosclerosis and the degree of albuminuria. This was particularly noted in 2 
of our patients, one of whom had a 1 plus lesion and spilled 13.5 gms. of protein 
in a 24 hour urine output, while another had a 3 plus glomerulosclerosis and 
spilled only 1.9 gms. of protein per 24 hours urine output. Qualitatively, the 
urines of both these patients gave a 4 plus reaction for albumin. 

The question has been raised in some reports as to the exact cause of al- 
buminuria. A number of authors have stressed the fact that in many instances 
the severity of arteriolar and arterial nephrosclerosis was of sufficient magnitude 
to produce the albuminuria. It has also been claimed that passive congestion 
of the kidneys secondary to cardiac failure as well as diabetic acidosis may bo 
responsible for the albuminuria. According to Fishberg (18), albuminuria is a 
common finding in passive congestion of the kidney, but usually slight, amount- 
ing to less than 0.19%. In exceptional cases, especially in older individuals 
with nephrosclerosis, the albuminuria may be much more marked. In our 
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experience, a severe degree of albuminuria in cardiac failure, even with nephro- 
sclerosis, has been rarely seen. However, it is true that 93% of the patients 
were in heart failure and 83% revealed a severe degree of arteriolar nephro- 
sclerosis. As a matter of fact, one patient who spilled 13.5 gms. of protein in 24 
hours, and who was in severe congestive failure, revealed a severe degree of 
arteriolar nephrosclerosis and only a 1 plus intercapillary glomerulosclerosis. 

E. Relation of the renal lesion to uremia 

Nine of our patients who came to autopsy died in uremia. These patients 
showed a severe degree of arterial and arteriolar sclerosis. In addition, 7 of 
these patients presented the most severe degree of intercapillary glomerulo- 
sclerosis. 

Bell (7) states that only 4 of 606 patients (0.7%) with diabetes, uncompli- 
cated by intercapillary glomerulosclerosis, died in uremia. Goldring and Chasis 
(22) have seen only one proven instance of uremic death in the course of hyper- 
tensive disease. Death due however to uremia in the acute progressive stage 
of hypertension, has occurred in 8% of their cases. Fishberg (18) states that 
uremia was the cause of death in 7% of a series of 72 cases of essential hyper- 
tension. Uremia occurred more often in diabetic patients with intercapillary 
glomerulosclerosis than without. Siegal and Allen (45) are in agreement with 
a high incidence of uremia as a cause of death in their patients. 

It appears probable that the combined arterial, arteriolar and glomerular 
lesions are responsible for this high incidence of death due to uremia. 

DISCUSSION 

Results of our investigation strongly indicate that there is a recognizable 
clinical picture associated with the specific renal vascular complication of dia- 
betes. It is felt that the fully developed picture is seen in a patient with long- 
standing diabetes, usually past the age of 50, with hypertension edema, diabetic 
and hypertensive retinopathy, with albuminuria and anisotropic lipoid drop- 
lets in the urinary sediment. It is realized that this represents the advanced 
syndrome seen in diabetic glomerulosclerosis. All gradations are possible and 
one must be constantly on the alert when dealing with diabetics in the first 
decade of their disease to detect any clues of the development of intercapillary 
glomerulosclerosis. There are a number of factors which may distort the clinical 
picture at any one time. The diabetes may be so mild as to escape detection 
until specifically searched for by means of the glucose tolerance test. The 
diabetes usually is mild or moderately severe in nature, but the presence of 
severe diabetes should not rule out consideration of intercapillary glomerulo- 
sclerosis, especially in the younger age groups. Although the majority of our 
patients were over 50 years of age, it is possible to find this condition present in a 
younger diabetic. We are in agreement with those authors who have stressed 
the point that one must be sure that the patient is not suffering from chronic 
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glomerulonephritis. IIype.rlcnsion is present in the vast, majority of patients. 
Wien it is not present, myocardial infarction has usually occurred. Therefore, 
a normal blood pressure should not he considered a deterrent to the diagnosis of 
intorcapillary glomerulosclerosis. Edema may or may not. be present even 
though the remainder of the picture is fully developed. When edema is noted, 
it may bo nephrotic, cardiac or both. The majority of our patients presented 
edema associated with congestive heart failure, irrespective of age. A number 
of these patients had a degree of hypoalbuminemia with massive proteinuria, 
sufficient to indicate the coexistence of nephrotic edema. 

The absence of edema in a small number of these cases may have been associ- 
ated with a good protein intake and low protein excretion and the absence of 
heart failure. It should be remembered that many of our patients would cer- 
tainly have manifested a greater degree of edema, had it not been for the rigid 
sodium restriction of tho Montefiore Hospital diet which contained 1.2 gmsof 


salt per day. 

A very important finding is the presence of a combined hypertensive and 
diabetic retinopathy. One may easily overlook the lipoid appearing exudates 
unless the periphery, especially tho macular area, is carefully scrutinized. 
These typical findings may be hidden by vitreous or lenticular opacities which 
themselves are often complications of diabetes. . 

Varying amounts of albumin are universally present in the urine. -• mos 
important aid in diagnosis of diabetic glomerulosclerosis is the presence otam- 
sotropic lipoid cells or casts. In a diabetic patient over 50, the finding ol these 
cellular elements in the urine is usually enough to differentiate diabetic g'omcruo- 
uclerosts from hypertensive renal vascular disease. It must be recmpiiasizecl 
fjmt r polarizing device is not essential for the recognition o 'oso ® ’ 

that they are best preserved in fresh acid urines; that they may vary ‘ 
rom day to day, and therefore should be searched for repea sot jj men (, 

Urinary concentrates. In fact, tho finding of these cells m the unnaiy sediment 
' n a P a tient in the Ctl, or 7th decade with hypertcns.on and ' J 

indication to the clinician of the existence of chabetr the as 
tueiatcd paucity of red cells in these patients is stnkme. ^ J chroni(! g!o . 
tpuup. doubly retractile lipoid cells may be found in s y vc history, 

murulonophritis. However, in these eases, there may * * for 0 U 

an one should bo particularly careful in studying un ce|ls havc a i so 


onc should be particularly careful m stuayi b „ } iave n ] s0 

ceIls - re d cell casts and hemoglobin casts. ' 1S ° ™ . tg t!l[lti hyperten- 

-“•n noted in renal amyloidosis. The remote possi ' . angC| especially 

;'°n and dial )0 tes may be associated with this rena a flre note( j in the 

Patients with pulmonary tuberculosis, When a y lomeru i 0 nephritis. 
no, one can immediately exclude the possibiii ;* o findings is made, 

..^en the correlation between the clinical and \ ^finite eor- 

u striking feature is the extensive renal artorio ar , osc i er osis, rather than,. ,, 
"itV' >n ex * 3 ' s between hypertension and a l^etnTdefinite correlation .* 
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between the degree of albuminuria and the severity of the intercapillary glo- 
merulosclerosis. It should be realized that the functional permeability of the 

glomerular capillaries cannot be ascertained from the study of the histologic 
lesion. 

One is impressed with the large group of our patients who have died in uremia, 
which is not a frequent cause of death in patients with benign hypertensive 
renal disease or uncomplicated diabetes. This is believed to be due to the 
combined arteriolar and glomerular capillary involvement. 

We have found a relatively high number of patients with anemia. This 
appears to be related to the degree of renal insufficiency, although the question 
of nutrition must be considered. In contradistinction to previous reports, the 
anemia cannot be used as an aid in the differential diagnosis of intercapillary 
glomerulosclerosis from other renal diseases. 

We are aware that lesions typical of intercapillary glomerulosclerosis have 
been and will be found in diabetic patients who during life apparently presented 
none of the clinical features described here. This disparity between clinical 
and pathologic findings may be ascribed to several factors: the patient may have 
died too early in the course of his disease; the diabetes may have been so mild 
as to escape notice; the apparent lack of hypertension may have been due to 
myocardial infarction; edema may not have been present or ascribed to cardiac 
failure alone; urines may not have been adequately examined for albumin and 
anisotropic lipoid cells. 

Reports have appeared indicating the presence of diabetes, hypertension and 
edema with no evidence of intercapillary glomerulosclerosis at post mortem 
examination. These authors have pointed out that the edema was due to con- 
gestive heart failure, and the hypertension was associated with arteriolar nephro- 
sclerosis. It is in such cases that the findings of doubly retractile lipoid cells 
or casts is an important differential diagnostic aid. 

It is felt that the status of diabetic glomerulosclerosis as a clinical entity will 
be crystallized, once criteria for diagnosis are recognized, especially since diabetics 
continue to live on for a longer period of time with their disease. We have 
described the fully developed syndrome of diabetic glomerulosclerosis. Since 
the diabetic is under constant scrutiny, it is the problem of the physician in his 
office, the out-patient department or hospital, to be at all times aware of this 
vascular complication of diabetes mellitus. The finding of anisotropic lipoids 
in the urinary sediment establishes the diagnosis. 

SUMMARY AND CONCLUSIONS 

1. A series of 45 patients were diagnosed during life as having diabetic glo- 
merulosclerosis. 22 patients came to autopsy, and 21 revealed histologic 
evidence of the specific glomerular lesion. 

2. A distinct clinical picture is associated with diabetic glomerulosclerosis. 
This picture includes diabetes, edema, hypertension, combined diabetic and 
hypertensive retinopathy, albuminuria and lipoid cells in the urinary sediment. 
Variants of this syndrome are discussed. 
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3. The development of the clinical syndrome is related to the combined effects 
of renal arteriolar and glomerular capillary lesions. 

4. The presence of doubly refractilc fatty cells or casts in the urinary sedi- 
ment establishes aid in the diagnosis of diabetic glomerulosclerosis, provided 
it is properly related to other clinical data. 
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